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Motivacao
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Como foi possivel criar tal arvore?

 Determinar genes que sao compartilhados por
todos os seres vivos

e O que é “compartilhar”?
— Gene x, em organismo A tem funcao a

— Gene x, em organismo B € homologo e tem a
mesma fung¢ao a

— Entao x; e x, sao “o mesmo gene x” e portanto ele
é compartilhado porAe B

e Quais genes sao esses?



Genes

oot | — HNEE
Prok. | Enk.
COGoo12 380 Predicted GTPase, probable translation factor 171 30 201
COGo016 433 Phenylalanine-tRINA synthethase alpha subunit 163 42 210
COGO018T 548 Arginyl-tRNA synthetase 175 43 220
COoGoo42 157 E.ibosomal protein 512 163 48 216
COGo049 182 E.ibosomal protein 37 169 41 210
COGoo52 240 E.ibosomal protein 32 163 79 247
COGO0e0* 936 [zoleucyltBINA synthetase 172 42 214
COGOO080 154 Eibosomal protein 111 170 61 231
COGODEL 230 E.ibosomal protein L1 168 61 229
COGODB3T 1138 DNA-directed ENA polymerase, beta subunit 178 &0 238
COGOO087 288 E.ibosomal protein L3 168 54 222
COGo091 157 E.ibosomal protein 122 168 75 243
COGOo092 240 Ribosomal protein 83 168 30 198
COGOo093 130 E.ibosomal protein 114 168 41 209
CoGo0e4 182 E.ibosomal protein LS 159 36 203
COGo096 151 E.ibosomal protein 38 163 55 223
COGoo97 177 E.ibosomal protein L6F/LIE 163 63 233
COoGoo9e 220 Eibosomal protein 33 163 110 278
COGo099E 133 Eibosomal protein 513 163 49 217
COGO100 145 E.ibosomal protein 311 169 51 220
COGo102 167 Eibosomal protein 13 163 54 222
COGO103 172 E.ibosomal protein 39 163 52 220
COGo124* 472 Histidyl-tRIN A synthetase 173 31 209
COGO143%F 646 hethionyl-tRNA synthetase 180 33 213
COoGOo172 442 Seryl-tRNA synthetazse 177 37 214
COGO184 154 Eibosomal protein S15P/813E 168 41 209
COGO186 122 Eibosomal protein 517 170 46 216
COGo197 173 Eibosomal protein L16L10E 168 54 222
COGO200 166 Eibosomal protein L13 168 70 238
CoGo201 445 Preprotein translocase subunit SecY 178 37 215
COGo202 323 DNA-directed ENA polymerase, alpha subunit 171 45 216
COGO256 178 Eibosomal protein 118 168 50 218
COGD493 534 Leucyl-tENA synthetaze 172 43 213
COGo522 199 E.ibosomal protein 54 and related proteins 174 46 220
COGO5253%% 580 Walyl-tRINA synthetase 169 37 206
COG0333 375 hietal-dependent proteases with chaperone 168 35 203

activity




Questoes

Onde podemos achar as sequéncias dos
genes?

Como determinar compartilhamento?

Como preparar esses dados para construir
uma arvore?

Como construir uma arvore?

Como saber se ela esta correta?



Fig. 1. Overview of the procedure.
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Respostas

Onde podemos achar as sequéncias dos genes?
— Bancos de dados publicos (NCBI)
— BLAST

Como determinar compartilhamento?
— Através de comparacao de sequéncias

Como preparar esses dados para construir uma arvore?
— Alinhamento multiplo concatenado

Como construir uma arvore?
— Métodos de reconstrucao filogenética

Como saber se ela esta correta?
— Inferéncia € um termo melhor do que construcao
— Argumentos probabilisticos
— Transferéncia Horizontal (Lateral) de Genes



Por que comparar sequéncias?

e Achar similaridades
— Dadas 2 sequéncias, quao parecidas elas sao?
— DNA e proteina

e Buscas em banco de dados

— Achar quais sequéncias do banco sao parecidas
com minha sequéncia-consulta

— Consulta (query) é tipicamente uma sequéncia nova

_ llgoogle”



Motivacao (cont.)

e Construir familias de proteinas
— Saber quais organismos tem membros da familia
— Determinar uma “assinatura” para a familia

e Construir filogenias

— Entender a historia evolutiva de genes e
organismos



Premissas

Em geral buscamos sequéncias “aparentadas”
Sequéncias “aparentadas” sao similares
“aparentadas” = homologas

— Descendem de um mesmo ancestral

Descendentes sofreram mutacoes ao longo do
tempo



Artigo publicado em agosto/2018

nature . ARTICLES
ecology & evolution et g 101038/ S41555-018 D8 e

Integrated genomic and fossil evidence illuminates
life's early evolution and eukaryote origin

Holly C. Betts ", Mark M. Puttick ™2, James W. Clark ™", Tom A. Williams =%, Philip C. ). Donoghue 2"
and Davide Pisani(*

Establishing a unified timescale for the early evolution of Earth and life is challenging and mired in controversy because of the
paucity of fossil evidence, the difficulty of interpreting it and dispute owver the deepest branching relationships in the tree of
life. Surprisingly, it remains perhaps the enly episode in the history of life where literal interpretations of the fossil record hold
sway, revised with every new discovery and reinterpretation. We derive a timescale of life, combining a reappraisal of the fossil
material with new molecular clock analyses. We find the last universal common ancestor of cellular life to have predated the end
of late heavy bombardment (3.9 billion years ago (Gal). The crown clades of the two primary divisiens of life, Eubacteria and
Archaebacteria, emerged much later (< 3.4 Ga), relegating the oldest fossil evidence for life to their stem lineages. The Great
Oxidation Event significantly predates the origin of modern Cyanobacteria, indicating that oxygenic photosynthesis evelved
within the cyanobacterial stem lineage. Modern eukaryotes do not constitute a primary lineage of life and emerged late in
Earth’s histery (<1.84 Ga), falsifying the hypothesis that the Great Oxidation Event facilitated their radiation. The symbiotic
origin of mitechondria at 2.053-1.21Ga reflects a late origin of the total-group Alphaprotecbacteria to which the free living
ancestor of mitochondria belonged.



Métodos

 The dataset consists of 102 species and 29
universally distributed, protein-coding genes

* Proteomes were downloaded from GenBank
and putative orthologues were identified
using BLAST. The top hits were compiled and
aligned into gene-specific files in MUSCLE



Alinhamento de DNA

GTGGTGGCCTACGAAGGT
GTAGTGCCTTCGAAGGGT



Como avaliar um alinhamento?

e Sistema de pontuacao
— Match: +1
— Mismatch: -1



Pontuacao do alinhamento

GTGGTGGCCTACGAAGGT
GTAGTGCCTTCGAAGGGT

+141-1+1+1+1-1+41-141-1-1-1+1-1+1+1+1 = 4



E possivel melhorar o
alinhamento?
e Sim

e Pela introducao de espacos



Alinhamento com espacos

GTGGTGGCCTACGAA-GGT
GTAGTG-CCTTCGAAGGGT




Sistema de pontuagéo com
eSpPacos
Match: +1
Mismatch: -1
Espaco: —2

(Buraco: sequéncia de espacos)

— Em inglés: gaps



Pontuacao do alinhamento

GTGGTGGCCTACGAA-GGT
GTAGTG-CCTTCGAAGGGT

+1+1-1+1+1+1-2+1+1+1-1+1+1+1+1-2+1+1+1 = 9




Justificativa para o sistema de
pontuacao
Matches tem que ser recompensados (> 0)

Mismatches e espacos tem que ser penalizados (< 0)
Mismatches representam substituicoes

— Mutacoes (ocorrem com frequéncia)
— Podem nao trazer letalidade

Espacos representam insercoes ou remocoes

— Mais provaveis de causarem letalidade

e Alteram quadro de leitura

— Ocorrem com muito menos frequéncia



Alinhamentos otimos

e S30 os alinhamentos de pontuagao maxima
e similaridade entre duas sequéncias
— E o valor da pontuacdo do alinhamento étimo

e No exemplo anterior

— Similaridade =9



Comparacao de sequéncias de
aminoacidos



Pontuacao de alinhamento de
proteinas

% de identidade € uma medida simples mas
valida de similaridade de sequéncias de
proteinas



Aminoacidos se dividem em
familias

Hidrofobicos
— Ala, Val, Phe, Pro, Met, lle, Leu

Com carga

— Asp, Glu, Lys, Arg

Polares

— Ser, Thr, Tyr, His, Cys, Asn, Gln
— Trp

Gly






Mutacoes e proteinas

Substituicoes que nao alteram a estrutura da
proteina tendem a ser preservadas durante a
evolucao

A troca de um aminoacido de uma familia por
outro da mesma familia em geral cai nessa
categoria

(Indels podem ter consequéncias mais
drasticas)

Entao: como avaliar mismatches?



dos BLOSUM®62

V4

acCl

Matriz de substituicao de amino

# Matrix made by matblas from blosumé2.iij

* column uses minimum score
# BLOSUM Clustered Scoring Matrix in 1/2 Bit Units

#

/data/blocks 5.0/blocks.dat

# Blocks Database

62
Expected =

=

# Cluster Percentage:

-0.5209
L E M F

= 0.6579,
A R N D C @ E G H
4 -1 -2 -2

# Entropy

3 T W ¥ V B Z2
1 0 -2 -1

P

I
g-2-1-1-1-1-2 -1

0

0 -3 -2

0 -1-1

0 -2 -3

ay

0 -1 -4
0 -1 -4
1 -1 -4

2-1-3-2-1-1-3-2-3-1

0 -3 -2

1 -3 -3
2-1-1-3-4-1-3-3-1

0 -2

1

)

3
4
-2 -2 -1 -3 -3 -2 -4

0 -4 -2 -3

1

0 -2 -3 -2

0 -1 -4 -3 -3

&€ -3 0

1

D -2 -2

5 -3 -4-3-3-1-1-3-1-2-3-1-1

0 -3 -3 -3

C

Fonte: NCBI

3 -1 -4
4 -1 -4

0
1

0 -2 -2 -3 -3 -1-2 -1 -4

-2 -1 -2

0 -1

1 0 -3 -1

0 -3 -2

0 -3 -3
-2 -4 -4 -2 -3 -3 -2

-2

2

0 -1 -3 -2 -2

1 -2 -3 -1

©
-2

0 -1 -3 -2 -2

1 -1 -3

-2

0 -1 -4

0
3 -3 -3 -1 -4

1 -4 -3 -1 -4

-3

2

-2 -1 -3 -1

§ -3 -3 -1 -2 -1-2-1-2 -2

0 0

-2
rI-1-3-3-3-1-3-3-4-3

L -1-2 -3 -4 -1-2 -3 -4 -3

4 2 -3 1 0 -3
-2 2

2

1 -2 -1 -3 -2

-2 -1

0 -3 -2 -1

4

1 -1 -4

0
1 -3 -1-1-4

3 -1 -3 -3 -1 -4

7-1-1-4-3 -2 -2 -1-2 -4

0 -1-2 -1

5-1-3-1 0-1-3 -2 -2
0 -2-1-1-1-1

-1

0-1-3 1

P
M-1-1-2-3-1

5

2

1
0

-2

0 -2 -3

1

0

F -2 -3 -3 -3 -2 -3 -3 -3 -1

p-1-2-2-1-3-1-1

-2 -2 -3 -3 -1 -2 -4

1 -3 -2 -2

4
1

-2 -2

0 -1
f-1-1-1-1-2-2-1-1-1-1-2-1

0

0 -1 -1
2 -3 -4 -3 -2 -4

7 -1 -2 -2 -1 -4

-2 -2

5

-1
W -2 -3 -4 -4 -2 -2 -3

-2 11

1 -4 -3

-2 -2 -3 -2 -3 -1

2

3 -3 -2 -2

1 -1 -2 -2

Yy -2 -2 -2 -3 -2-1-2-3 2 -1-1-2 -1

4 -3 -2 -1 -4

0 -3 -1

1 -2

3
0 -3 -4
0 -3 -3

0-1-1-1-2-1-1-1-1-1-1-1-1-1-2
X —4 -4 -4 -4 -4 -4 -4 -4 -4 -4 -4 -4 -4 -4 -4 -4 -4 -4 -4 -4 -4 -4 -4

0 -3 -3-3-1-2-2-3-3

-2 -1

WV

1 -1 -4
4 -1 -4

4
1

0 -1 -4 -3 -3
0 -1 -3 -2 -2
0 0-2-1-1-1-1-1-4

0 -3 -3 -2
1-1-3-1

3

B

X

1



Pontuacdo leva em conta a matriz

— Match: blosum62(i,i) sempre positivo
— Mismatch: blosum62(i,j) positivo, nulo, negativo
— Espaco: -2

...........



Como obter alinhamentos 6timos?

 Precisamos de um algoritmo
e Algoritmos sao diferentes de programas

— Algoritmo é um método abstrato

— Programa é uma encarnacao fisica (hnuma linguagem de
programacao) de um algoritmo

— Um programa pode ser executado num computador

— Dizemos que um certo algoritmo foi implementado em tal
ou qual linguagem

e Quem escrever algoritimo na prova perde 3
pontos!



Algoritmo para achar alinhamentos
otimos de DNA

e Desenvolvido com a técnica de Programacao
dinamica

e Técnica desenvolvida na década de 1950 por
Richard Bellman

e N3o é programacao e nao é dinamica!



Programacao Dinamica

e PD se usa para problemas que tem uma estrutura de subproblemas

e Num alinhamento com sequéncias s e t um subproblema é
qgualquer alinhamento entre s’e t’ tal que

s’ =umprefixodes e t’=um prefixo de t
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ldeia basica da PD

e Achar solucoes de subproblemas e armazena-las
numa tabela (matriz)

e Para achar a solucao otima:

— Ir achando as solucdes na direcao dos subproblemas
menores para 0s maiores

— Ultimo elemento da tabela a ser preenchido contém a
solucao do problema “completo”



G A T C

t

w O += O




Preenchimento da tabela

e Este processo precisa comecar com o “menor
subproblema possivel”. Qual seria?

— Quando pelo menos uma das sequéncias é vazia

* |nicializacao: Alinhar s com cadeia vazia e
alinhar t com cadeia vazia



-6 -8

G AT C
-4

- O N < O




Continuacao

e Alinhar caracter X com caracter Y
e 3 possibilidades

—XcomY

e Aplicar pontuacao respectiva, dependendo se for DNA
ou proteina

— X com espaco
e Cobrar -2

— Y com espaco
e Cobrar -2



Preenchimento de (1,1)

e Significa determinar qual é o melhor

alinhamento dos prefixos de s e t com apenas
um caracter cada um

e Alternativas

Todos eles usam valores determinados na inicializacao
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Exercicios

e Inventar duas sequéncias de DNA curtas e
“rodar” (na mao) o algoritmo de PD

* Para se auto-corrigir:

http://www.codeproject.com/Articles/304772/DNA-
Sequence-Alignment-using-Dynamic-Programming-A

(busque dna sequence alignment code project)

— Demo parece segura
— EXige registro
— Tem codigo fonte


http://www.codeproject.com/Articles/304772/DNA-Sequence-Alignment-using-Dynamic-Programming-A

Complexidade computacional de PD

Queremos saber quanto tempo gasta o algoritmo

Mas algoritmos sao abstratos, nao estao associados a
computadores fisicos; o que significa “tempo”?
Entao contamos numero de operacoes elementares
— Operacoes aritméticas

— Uso de posicoes da memoria

— Etc

Porém queremos apenas algo aproximado
Uma ordem de grandeza



Complexidade computacional

Queremos expressar o numero de operacdes como uma
funcao matematica do tamanho das entradas

Por exemplo

— n (linear)

— n? (quadratico)

— nlogn

Vamos desprezar constantes (n e 30n dao na mesma)

SO nos interessa o termo de maior grau (desprezar os demais)
— 7n?%+ 1400n + 3000log n vira apenas n?

Vamos usar a notacao O(f(n)) para denotar tudo isso



Complexidade computacional de PD

A matriz tem tamanho n+1 por m+1

Todos os elementos da matriz precisam ser
preenchidos

Supondo tempo constante para o preenchimento
—ntlxm+l=nm+n+m+1
— O(nm)
— Se n=m, O(n?)
e Quadratico

Memoria: quadratico também



Algorithm Similarity
input: sequences s and ¢
output: sinularity between s and ¢
m < |s|
n < |f|
for: < O tom do
ali,0] «<—ix g
for j < Otondo
al0,j] < Jjxg
for; < 1 tom do
for j < 1tondo
ali, j] <« max(ali — 1, j] + g.
ali —1,j — 1]+ p@, j),
ali,j —1]+g)
return af[m, n]

FIGURE 3.2

Basic dynamic programming algorithm for comparison of
hwo sequences.



Penalizacao de espacos pode ser
mais sofisticada

GTGGTGGCCTACGAAGGT

GTGGTCGC---CGAAGGT
GTGGTGGCC-ACGAAGGT
GT-GTCGCCTACGA-GGT

 No sistema de pontuacao apresentado, k espacos
consecutivos (um buraco ou gap) custam o mesmo que k

espacos separados
e Seria melhor distinguir os dois casos



Penalizacao de espacos feita por
uma funcao matematica

k = numero de espacos

p(k) = a + bk

p(k) é subtraido do score

a = custo para abrir um buraco

b = custo para continuar um buraco

Por exemplo: p(k) =2 + k

5 espacgos consecutivos custam 7

5 espacos separados custam 15

Compare com a funcao implicita do sistema simples: p(k) = 2k



Algoritmo de PD com penalizacao
de buracos por funcao afim

e O algoritmo é mais complexo

— S30 necessarias 3 tabelas ao invés de 1

* Mas a complexidade permanece a mesma
(quadratica)

e Algoritmo de Smith-Waterman



Smith-Waterman

ali, j] = maximum score of an alignment between s[1..i] and
t[1..j] that ends in s[7 ] matched with #[ j].

t[1..j] that ends in a space matched with #[f].
c[i, j] = maximum score of an alignment between s[1..7] and
t[1..j] that ends in s[i | matched with a space.

The entries (i, j) of these arrays depend on previous entries according to the fol-
lowing formulas, validfor 1 <i <mand1 < j < n:

ali —1,j —1]
ali, j1= p(, j)+max{ b[i — 1, —1]
cli —1,j —1]
[ —(h+g) +ali, j—1]
bli, j] = max ; —g+D[i, j —1]

| —(h+ g +eli, ] —1]

[ —(h+g)+ali —1,]]
cli,jl=max{ —(h+g)+b[i —1, ]
—g+cli—1,/]

As before, p(i, j) indicates the score of a matching between s[i ] and #[ .




e Se a funcao for genérica [ex. p(k) = a + b log k)],
entdao a complexidade passa para O(n3)

— Algoritmo de Needleman-Wunsch



Queremos descobrir sequéncias
aparentadas

e Aparentadas = ancestral comum = homologas
* Alinhamentos biologicamente relevantes

 Nota maxima por si s0 nao nos informa sobre
parentesco

— Alinhamentos de nota maxima nao

necessariamente correspondem a alinhamentos
biologicamente relevantes

e Como fazer?



Bancos de sequéncias

e Situacao tipica
— Tenho uma sequéncia consulta

— Quero saber se existem sequéncias ja publicadas
gue sao “parentes” dela

 Tenho que fazer uma busca em bancos de
sequéncias



Bancos de sequéncias

Resultado do sequenciamento em geral é
publicado

“bancos de dados” de sequéncias
Na verdade catalogos
Mais importante: GenBank

— Mantido pelo National Center for Biotechnological Information
— NCBI

—http://www.ncbi.nlm.nih.gov
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UniProt http://www.uniprot.org/
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Estatistica de alinhamentos

Com um banco, temos uma “populacao” de
sequéncias

Com essa populacao, posso criar uma teoria
estatistica que vai me permitir separar os

alinhamentos estatisticamente significativos
daqueles obtidos por mero acaso

Diremos que os alinhamentos estatisticamente
significativos sao biologicamente relevantes

A significancia estatistica precisa ser quantificada: e-value

A



E-value

Teoria de Karlin e Altschul
Calcula o e-value (expect value) de um alinhamento

E=Kmne >

m e n sao os tamanhos das sequéncias
S é a pontuacao

K e A sao parametros

Um banco de sequéncias pode ser tratado como uma longa sequéncia de
tamanho n

A formula da o numero de alinhamentos que se esperaria obter com
pontuacado pelo menos S ao acaso



e-value

N3ao € uma probabilidade
Pode resultar maior do que 1

Mas em geral os alinhamentos biologicamente
relevantes tem e-value < 10

Para valores assim ou menores, o e-value se
comporta como uma probabilidade

p-values e e-values P=1—-e*



e E-value depende do tamanho do banco

* Nao se pode comparar diretamente e-values
obtidos de consultas a bancos diferentes

e Mas existe uma formula de conversao

— Dado o e-value contra banco X, é possivel saber
qual seria o e-value contra banco Y

— Essa mesma formula pode ser usada para dar o e-
value para comparacao de apenas duas
sequéncias entre si (supondo que Y seja genBank)



The Statistics of Sequence
Similarity Scores

lterated profile
searches
with PSI-BLAST

BLAST
Home

» Introduction

To assess whether a given alignment constitutes evidence for
Th homology, it helps to know how strong an alignment can be
Ic-GcFrilparic:nn expected from chance alone. In this context, "chance” can mean
the comparison of (i) real but non-nomologous sequences: (i)
Bit scores real sequences that are shuffled to preserve compositional
properties [1-3]: or (iii) sequences that are generated randomly
based upon a DNA or protein sequence model. Analytic statistical
results invariably use the last of these definitions of chance, while
empirical results based on simulation and curve-fitting may use
any of the definitions.

P-values

Database searches

gapped alignments

Edge effects » The statistics of global sequence comparison

The choice of Unfortunately, under even the simplest random models and
S ELHEER s oring systems, very littlie is known about the random
R distribution of optimal global alignment scores [4]. Monte Carlo
BLOSUM amino experiments can provide rough distributional results for some

i titution specific scoring systems and sequence compositions [5], but
these can not be generalized easily. Therefore, one of the few

substitution methods available for assessing the statistical significance of a

matrice particular global alignment is to generate many random
sequence pairs of the appropriate length and composition, and
Gap scores calculate the optimal alignment score for each [1.3]. While it is
e then possible to express the score of interest in terms of
I e e i standard deviations from the mean, it is a mistake to assume that
the relevant distribution is normal and convert this Z-value into a
References P-value; the tail behavior of global alignment scores is unknown.
The most one can say reliably is that if 100 random alignments
have score inferior to the alignment of interest, the P-value in
guestion is likely less than 0.01. One further pitfall to avoid is
exaggerating the significance of a result found among multiple
tests. When many alignments have been generated, e.g. in a
database search, the significance of the best must be discounted
accordingly. An alignment with P-value 0.0001 in the context of a
single trial may be assigned a P-value of only 0.1 if it was
selected as the best among 1000 independent trials.

. e g gw_ ogw _ _  ogmow _m . w

[lIwww.ncbi.nim.nih.gov/BLAST/tutorial/Altschul-1.html
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Programacao dinamica € cara

e Especialmente quando

— Comparacao contra muitas sequéncias

* Buscas em banco de dados

— Comparacao de muitas sequéncias entre si

 Todas contra todas

e Alternativa: BLAST
e Basic Local Alignment Search Tool



BLAST

Altschul et al., 1990, 1997
Cerca de 75 mil citacdes (10/2014)

Programa mais citado em ciéncia

— (mas ndo sao os papers mais citados; o mais citado tem 305 mil
citacdes)

Heuristica

— Nao tem garantia de que sempre consegue achar os alinhamentos de
pontuacao maxima

— Sacrifica garantia de otimalidade por velocidade

— Mas na vasta maioria das vezes tais alinhamentos sao de fato
encontrados

— Reporta e-values
— (E possivel fazer calculo de e-values com PD)



BLAST

e Acha alinhamentos locais

global

Local alignment



E Util pensar na matriz de PD como
se fosse um dotplot
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Um alinhamento local € um trecho de
células consecutivas num dotplot




Pode haver varios alinhamentos locais




Alinhamento global




Exercicio

e Como modificar o algoritmo de PD para que
ele encontre o melhor alinhamento local?

 Dica: comece definindo as caracteristicas do
melhor alinhamento local



Alinhamento local com PD

e Um alinhamento global pode ter nota
negativa

— um alinhamento local hunca pode ter nota

negativa

e Pois o0 alinhamento entre sequéncias vazias
tem nota zero

e bons alinhamentos locais sao trechos com
notas positivas na matriz de PD



Implementacao

1. Inicializacao da coluna zero e da linha zero com
Zeros

2. Ao preencher um elemento da matriz, fazer a
operacao de maximo, mas nunca deixar que o valor
escolhido seja negativo

Valor & max (M[i-1,jl, M[i, j-1], M[i-1,j-1], 0)

3. Ao final: procurar o elemento da matriz de valor
maximo

4. Para recuperar o alinhamento: percorrer de tras
para diante até chegar em zero



De onde vem a eficiéncia de BLAST?

BLAST busca trechos parecidos (palavras ou
words) entre as sequéncias = alinhamentos-
semente

Para nt, esses alinhamentos tem que ser
exatos

Para aa, esses alinhamentos tem que ter nota
positiva

Estende esses alinhamentos-semente



Sequence 2
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Exemplo de alinhamento 6timo
gue BLAST nao encontraria

e Suponha nt e tamanho minimo de palavras = 4

GTG-TGGCCTA-GAAGCT

LI
GTGGTCG-CTACGACG-T

16 posicoes, 12 identidades (75%)



Caracteristicas de BLAST

e Tamanho default das palavras
— DNA: 11 nt
— Proteinas: 3 aa

 Reporta bit score, raw score, e-value,
identidades, positivos, buracos



»>1cl| 35099 ¢
Length=449%9

Score =

Tdentities

Query
Sbict
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbict
Query
Sbict

21
23
21
76
141
120
201

259
2410
3149
300
379
360
4345
420
4949

430

£04 bita (1538),

AN CSEARGDHSAMMADATL.FERF SAR LAV GPFEVYASWFARLKLHTVSKSVWVEFIVETT
A CE ++ LF+ 5S++L+ Ve +VILSWE BLE +WV5 ++V +VEI
CARCLETTCEE-—————- LFENVSSELEDgVESDVYASWEFQRLEFRSVSHNIVYLSVETH

FLHEWIHNRYHDLITSLHQSEDPDHLHHEILHRSASRF?RPAQTEERAQFHQEHEAAPRN
FLE+WI NEY+D IT L @ + WVEI+VESAE+ + P++T
FLEAWIENRYIDTITELFQESISSIQEVEIIVRESAL——-IMPSETS————————————— S

ESFIPSQSATAPAROPMAROATIROGGSGFLFGSFLOTRFTFOT FVEGSSHEVALARRKT
31I +2 F + P+FGSFLOH+F F F+EG SHEVALARR T
SSATARTTAKPRIINTGEI ST IQGERS INFVEGSFLDSEFVESNFIEGPSNEVALADRHT

IAEAGRGR-—-VEFNPLFIHAGVGLGKTHLLATANAA T DSFENPRVVY LTAEY FMWEFAT
IAE + + VRFNPLFIHAR VGLGETHLLQATANIZAT H BVWWYLTRAEYFMWEFAT
IAEENSSSCTVRFNPLF IHASVGLGETHLLA TANAA TREQNNLEVVY LTAEY FMWEFAT

ATRONDALTLEDTLENIDLLYVIDCMOFLOGEMI QHEFCHLLNMLLD SAK WV WVALDRAPW
ATRDN AL KD LENIDLLA4IDDMQFLOGE+IQHEFCHLLN LLDSLEQ4Y RLDE P
ATRONYATNFEDCLENIDLLLIDOMOFLOGELIQHEFCHLLN STLLDSAKQ I VARADREES

ELESLDFEVESRELGEMAIETEGFDY CMRYEMLNEEMGSARDDFSFEISOEILTHVAKS
ELESLD B+RE3BLQGE+A+ + O +ME +L E+ A++D+F IS+EIL VA++
ELESLDSEIRSELGEVAVELGAADTEMRLT ILENELEMRKKDN FELY ISEETLOEVAQT

VIASGRELEGAFNQIMFRESFEFNLSVIEVDELLSHLVGSGEAKEVRIEDIQRIVARHYN
VI SGEELHZAFHMQL+FER SFEF L++ WDELLSHLV +5E E++RIEDIQR+V+H+HHYN
VITSGRELDGAFNQLVFRNSFEFVLT IEMVDELLSHLVSAGETEEKIRIEDIQRMVSEHYN

VSRQELVSHERTEVIVEFRIAMY LAKML.T FRSFFEIGRRFGGRDHT TVLHAVEKIEDLT
+5F +L+5SHER B IV+ERQIAMYL+E++TPFRESFFEIGEEFG EDHTTVLHAVEEIE +
ISRIDLLSHEEVEIIVEFRQIAMY LSKIMI FRSFPFEIGRRFGDRDHT TVLHAVEKTERSM

SEOTELGHEVELLEELINE 517
CT + EVELLERLI+E
EEDTVIEEEVELLERLISE 498

Expect = 0.0, Method: Compositiconal matrix adjust.
= 3015439 (80%), Positives = 365/493% (73%), Gaps = 257439 ([5%)
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Plot of Icl|35097 vs 35099 &
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Buscando no GenBank

t (499 letters)

Query ID Icl|78035 Database Name nr
Description t Description All non-redundant GenBank CDS translations+PDB+5wissProt+

Molecule type amino acid environmental samples from WGS projects
Query Length 499 Program BLASTP 2.2.26+ P Citation

Other reports: ®Search Summary [Taxonomy reports] [Distance tree of results] [Multiple alignment
= Graphic Summary

(=)Show Conserved Domains

Putative conserved domains have been detected, click on the image below for detailed results.

1 7e 150 225 F0n 375 450 499
1 1
Query seq. e e ———
Dhaf box-binding interface bk S 20"

Specific hits Bac_Dnaf_C

( P-Toop_NTPass superfamily )

Hulti-donains

Distribution of 100 Blast Hits on the Query Sequence &

|Mnuse aver to see the defline, click to show alignments |

Color Key for alignment scores

<40 40-50 80-200 »=200
@ u e ry | ——
| | | | | |
1 90 180 270 360 450




B Descriptions

Legend for links to other resources: [ unigene [3 ceo [@ Gene B structure [ Map Viewer B pubChem BioAssay

Lista de hits

Sequences producing significant alignments:

]

Accession | Description | Max score Total score | Query coverage |_\ E value Max ident |
YP_004062317.1  chromosome replication initiator Dnas [Candidatus Liberibacter solanacearum 785 785 99% 0.0 76%
¥P 003065040.1  dnah gene product [Candidatus Liberibacter asiaticus str. psy62] >=gb|ACT57 755 755 99% 0.0 76%
¥P_0025431759.1  chromosomal replication initiation protein [Agrobacterium radiobacter K84] =c 615 615 97% 0.0 61%
YP 765982.1 dnaA gene product [Rhizobium leguminosarum bv. viciae 3841] >s5p|Q1MMD6. 813 613 93% 0.0 63%
YP _001576569.1  chromosomal replication initiation protein [Rhizobium etli CIAT 652] >gb|ACEE 612 612 93% 0.0 63%
¥P 002972852.1  dnaA gene product [Rhizobium leguminosarum bv. trifoli WSM1325] =gb|ACS. 812 612 93% 0.0 63%
YP 467907.1 chromosomal replication initiation protein [Rhizobium etli CFN 42] =gb|ABCS89: 611 611 893% 0.0 63%
YP _002279530.1  dnaA gene product [Rhizobium leguminosarum bv. trifoli WSM2304] >gb|ACIE 608 508 93% 0.0 54%
EGP58677.1 chromosomal replication initiation protein [Agrobacterium tumefaciens F2] 807 607 95% 0.0 61%
EHS551424.1 Chromosomal replication initiator protein dnaA [Rhizobium sp. PDO1-076] 605 605 34% 0.0 62%
EHHO8270.1 chromosomal replication initiation protein [Agrobacterium tumefaciens CCNW( 600 600 93% 0.0 62%
¥P 002548273.1  chromosomal replication initiation protein [Agrobacterium vitis S4] >gb|ACM3 801 601 94% 0.0 61%
NP _353356.2 chromosomal replication initiation protein [Agrobacterium tumefaciens str. C5 598 593 95% 0.0 60%
ZP 08526429.1 chromosomal replication initiation protein [Agrobacterium sp. ATCC 31749] =: 595 93% 0.0 61%
YP 004277622.1  chromosome replication initiator DnaA [Agrobacterium sp. H13-3] >gb|ADYE3 593 93% 0.0 61%
YP 001325697.1  dnaA gene product [Sinorhizobium medicae WSM419] =gb |ABR58862.1| chrol 590 93% 0.0 63%
ZP 02164856.1 chromosomal replication initiation protein [Hoeflea phototrophica DFL-43] =gt 578 578 93% 0.0 61%
ZP 05929413.1 chromosomal replication initiator protein dnaA [Brucella abortus bv. 3 str. Tul 578 578 93% 0.0 60%
P35890.3 RecMame: Full=Chromosomal replication initiator protein DnaA 573 93% 0.0 62%
NP 38 1.1 chromosomal replication initiation protein [Sinorhizobium meliloti 1021] =ref|Y 574 93% 0.0 62%
AAADPE258.1 dnaA [Sinorhizobium meliloti] =gb|AAA91097.1| dnah [Sinorhizobium meliloti] 574 93% 0.0 62%
¥P 001608612.1  dnaA gene product [Bartonella tribocorum CIP 105476] »emb|CAKO0617.1| ¢ 573 573 92% 0.0 59%
AFL48605.1 chromosomal replication initiator protein DnaA [Sinorhizobium fredii USDA 257 571 571 93% 0.0 £2%
YE 0045473%0.1  unnamed protein product [Sinorhizobium meliloti AK83] =gb|AEG51776.1| Chr 573 573 93% 0.0 62%
YP 002824558.1  chromosomal replication initiation protein [Sinorhizobium fredii NGR234] =gb|£ 571 571 893% 0.0 62%
CBI78638.1 chromosomal replication initiator protein DnaA [Bartonella sp. AR 15-3] 572 572 92% 0.0 60%
YP 002971177.1  chromosomal replication initiator protein DnaA [Bartonella grahamii as4aup] > 571 571 92% 0.0 60%
7P 107371861 rhramneamal renlicatinn initiatinn aratain nartial TMiteatirednetar aanikindam 560 SRS 57% n.n SR%

AR @R ARERRRE R
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Sabores de BLAST

Subject nucleotideos aminoacidos

Query
nucleotideos BLASTN BLASTX
TBLASTX
aminodacidos TBLASTN BLASTP

Também: megablast, psi-blast, phi-blast, delta-blast, etc

JC Setubal
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Parametros de BLASTnh

" BLAST Search database Mucleotide collection (nr/nt) using Blastn (Optimize for somewhat similar sequences)

D Show results in a new window

E]Jllunrithm Darametersé
General Parameters

Max target 100 -

SELELEE Salect the maximum number of aligned sequences to display &)
Short queries Automatically adjust parameters for short input sequences &
Expect threshold 10 @

Word size 1 - &

Max matches in a 0 @

query range

Scoring Parameters

Match/Mismatch 23 ~ @
Scores

Gap Costs Existence: 5 BExtension: 2 ~ &

Filters and Masking

Filter Low complexity regions &
["] Species-specific repeats for: Homo sapiens (Human) v B
Mask Mask for lookup table only &

[] Mask lower case letters L*]



Regides de baixa complexidade

Sequéncias com elementos repetitivos e que
aparecem com frequéncia

Exemplo em DNA
— AAAAAAA

Exemplo em proteina
— AGNLLGRNVVVVGAG

Uso do filtro é default

Pode excluir alinhamentos relevantes



Parametros de BLASTp

( BLAST Search database Non-redundant protein sequences (nr) using Blastp (protein-protein BLAST)

o

D Show results in a new window

{(=)Algorithm parameters
General Parameters

Max target 100 -
Sequences Selectthe maximum number of aligned sequences to display &
Short queries V] Automatically adjust parameters for short input sequences &

Expect threshold

10
Word size |3 ;v L2

Max matches in a 0 2]
query range

Scoring Parameters

Matrix BLOSUMEZ ~ &

Gap Costs Existence: 11 Extension: 1« &

Compositional Conditional compositional score matrix adjustment  » &
adjustments

Filters and Masking

Filter [Tl Low complexity regions &

Mask [C] Mask for lookup table only @
[C] Mask lower case letters LT



Posso acreditar nos resultados do
BLAST?

Falsos negativos I Nao significante
107

Falsos positivos

significante

1) Nem todos os alinhamentos estatisticamente significativos sao biologicamente relevantes
2) Nem todos os alinhamentos que nao sao estatisticamente significantes nao sao relevantes



Exemplo do caso (1)

e Duas proteinas podem compartilhar um
dominio e nao serem relacionadas

— falsos positivos de BLAST

 Acontece quando as proteinas tem multiplos
dominios

Pyruvate kinase

http://en.wikipedia.org/wiki/File:1pkn.png



Referéncias

lan Korf, Mark Yandell, Joseph Bedell

G.H.EI.L"- i Lo W 1 il 1 e - Pk

Artigo por Ingrid Lobo (Write Science Right) © 2008 Nature Education

http://www.nature.com/scitable/topicpage/basic-local-alignment-search-tool-blast-29096


http://shop.oreilly.com/product/9780596002992.do#tab_04_2

Sclmle F ABOUT B FACULTY k STUDENTS

A Collaborative Learning Space for Science
}T NANINE EDUCATION

F GIVE US YOUR FEEDEACK

HOME LIBRARY PEOPLE Sign In | Register | Search Scitable n

GROUPS BLOGS

Library

Updates

» Mew post in Eyes on

Environment: Unigue and Alone

On the EDGE of Existence

Wedal: Maryam Kirzakhani

QOutbreak Declared an
International Public Health
Emergency

MNew post in Accumulating
Glitches: Does Biology Have
Laws?

MNew post in Accumulating

Glitches: The Language of DNA

Topic Rooms

Within this Subject (21)

¥ Comparative Genomics (5)

¥ Functional Genomics (4)
» Genome Sequencing and
Annotation (8)

¥ Translational Genomics (8)

Mew topic in Women in Science:
The First Woman te Win a Fields

Mew postin Viruses101: Ebola

Other Topic Rooms

F Genetics
¥ Gene Inheritance and
Transmission
» Gene Expression and
Regulation

¥ Nucleic Acid Structure and

Function

» Chromosomes and
Cytogenstics

¢ Evolutionary Genetics

% Darnnlatinn and MNuantitatiovse

ADVANCED » GENOMICS | Lead Editor: Michael Goldman, Christopher D. Smith E

Basic Local Alignment Search Tool (BLAST)
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Awash in a sea of data, how do scientists identify the function of a newly cloned gene? Online

resources like the Basic Local Alignment Search Tool (BLAST) provide a helping hand.
s Aa Aa

Since the discovery of the genetic code, biological research has undergone a sea of change in the way it is performed. Until the early twentieth century,
biclogy focused on the processes of living organisms and almost always involved experiments in laboratories and in the field. The growth of molecular
biology during the twentieth century moved research into the test tube, where biological systems could be painstakingly diszected and reassembled.
Then, beginning in the 19708, scientists started accumulating ONA and protein seqguence data at an exponential rate; in fact, rezearchers currenthy have
approximately 57 bilion bases seguenced and over 93 milien records. Amazingly, this sequence data doubles every 18 months!

But how do investigators make sense of this magsive amount of data? How can they identify the functions of newly clened genes? And is it possible to
e=stimate the evolutionary relationships between genes or proteing just by examining their nucleotide or amino acid sequences? To addrezs these
important issues, researchers must first tease out the relationships between different species that are descended from a common ancestor. Any
sequence similarity can then be used to infer function and evelutionary relationships. In fact, one common method for examining and comparing genes is
to search for similarities between newly sequenced DNA and databases of gene seguences that have already been described. By identifying related
genes or gene families with known functions, scientists can infer the functiens and evolutionary relationships of newly cloned genes or even whole
gENOMES.

A= gene and protein sequence databases grew at the end of the twentieth century, scientists turned to computers to help analyze this abundant and
ever-growing amount of data. Today, one of the most common tools used to examine DMA and protein sequences is the Basic Local Alignment Search
Tool, also known as BLAST (Altschul et af., 1950). BLAST is a computer algerithm that iz available for use online at the National Center for Biotechnology
Infermation (MCBI) website, az well as many other sites. BLAST can rapidly align and compare a query DNA seguence with a database of seguences,
which makes it a critical tool in ongoing genomic research. In fact, the initial paper describing the program, published in the Journal of Molecular Biology
and entitled "Basic Local Alignment Search Tool” was the most highly cited publication of the 1980s (Taubs, 2000). In recent years, the parallel
development of large-scale seguencing projects and bioinformatic tools like BLAST has enabled scientists to study the genetic blueprint of life across
many species, and it has alzo helped connect biology and computer science in the maturing field of bicinformatics.

Alignment Theory

Although the computer science principles behind BLAST have been around for some time, prior to BLAST, they had not been applied to biclogy. Before
BLAST, alignment programs used dynamic programming algorithms, such as the Needleman-Wunsch and Smith-VWaterman algorithms, that required long
processing times and the use of supercomputers or parallel computer processors (Collins & Coulsen, 15934; Gotoh & Tagashira, 1986, Smith & Waterman,
1981).



Novos programas

e Usearch [Edgar 2010]
— Até 400x mais rapido do que BLAST
— Com algum sacrificio de precisao

e Pauda [Huson e Xie, 2014]
— Blastx “dos pobres”
— 10.000x mais rapido do que blastx!
— Com mais sacrificio de precisao

 Diamond [Buchfink, Xie, Huson 2014]

— 20.000x mais rapido do que blastx!
— Sem sacrificio de precisao!



Alinhamento multiplo



Alinhamento multiplo

C: -—==8DIPAGDYERGERKVYRKQRCLOQCHVVDS TAT-KTGPTLHGVIGRTSGTVSGFDYSAL

Y ~===TEFKAGSARKGATLFKTRCLOQCHTVERGGPHEVGPNLAGIFGRHSGQAEGYSYTDA

A MASFDEAPPGNPRAGERIFRTECAQCHTVEKGAGHKQGPNLNGLFGRQIGTTPGYSYSAR

De e GVPAGDVERGEKELFVQRCAQCHTVE AGGEHEVGPNLHGL IGRETGQAARGF AYTDA

IR GDVERGEKIF INKCSQCHTVERGGEHETGPNLHGLFGREKTGQAPGYSYTAL

LR GDVERGEKIFVOECAQCHTVERGGEHETGPNLHGLFGRETGQAAGFSYTD A
g LEEs ki Tty ahel e B ORWME_® e - L e e B B b R SRR B SER S T

C: NENEGVVWTRETLFEYLLNPERYIPGTEMVF AGLEEADERADLIEKYIEVESAKSL

Y: NIEFKNVLWDENNMSEYLTNPEKEYIPGTEMAFGGLEREKDPNDLITYLERKACE-——

A: NESMAVNWEERTLYDYLLNPEEYIPGTEMVF PGLERPODRADLIAYLEEGTA-—-

D: NEARGITWNEDTLFEYLENPEKYIPGTEMIFAGLERPNERGDLIAYLESATE-—-

H: NENEGIIWGEDTLMEYLENPEEKYIPGTEMIFVGIERREERADLIAYLERATNE -~

M: NENEGITWGEDTLHEYLENPEKEKYIPGTEMIFAGIEREGERADLIAYLERKATNE--

r LR s :'H".l' EEAXATERARANENRNY * N . ® Tew T

Para construir filogenias é necessario criar AMs

JC Setubal
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Avaliacao de AMSs por
soma de pares

e Numa coluna, podemos separar todos os
pares de aminoacidos
—1com2,1com3,1comd4, etc
— 2 com 3, 2 com 4, etc

— A cada par corresponde uma nota na matriz
BLOSUMG62

— A soma de todas as notas dos pares da a nota da
coluna

— A soma das notas das colunas da a nota do
alinhamento



L v
L 2 1

Vv
Vv

Coluna de um alinhamento

L

I
V
V

I

3

<

~H W =

2
4
3
3

BLOSUMG62
| /L: 4
L /1: 2
L /V: 1
1/1: 4
1/V: 3
V/V: 4

6
10
7
3
26

Nota da coluna



Ci -——=SDIPAGDYERGREKVYKQRCLOCHVVDSTAT-KTGPTLHGVIGRTSGTVSGFDYSAA

¥ ~===TEFRAGS AKKGATLFKTRCLOQCHTVERGGPHEVGPNLHGIFGRHIGOQAEGYSYTDA
A: MASFDEAPPGNPRAGERIFRTECAQCHTVEKGAGHKQGPNLNGLFGRQIGTTPGYIYS AR
Ps e GVPAGDVERGEELFVORC AQUHTVEAGGRHEVGPNLHGL IGRKTGQAAGF AYTDA
CHY L e GDVERGEKIF IMECSQCHTVEKGGERHETGPNLHGLF GRETGQAPGTIYTAL
SHE T GDVERGEKKIFVORCAQCHTVEKGGEHETGPNLHGLF GRETGQARGFSYTDA

X, - W e o N EER N . B oIS R e R e e

What do the consensus symbols mean in the alignment?
An * (asterisk) indicates positions which have a single, fully conserved residue

A : (colon) indicates conservation between groups of strongly similar properties -
scoring > 0.5 in the Gonnet PAM 250 matrix

A . (period) indicates conservation between groups of weakly similar properties -
scoring =< 0.5 in the Gonnet PAM 250 matrix




Nao existe padrao universalmente
aceito para avaliar AMs

 Ou seja, nao existe o equivalente de e-values
em BLAST

e Diferentes programas produzem diferentes
notas



Multiple Sequence Alignment

Cthe_lS66_Clostridium_thermoce
Fisuc 1086 Fibrobacter succino
Metvu 1085 Methanocaldococcus
MFS40622 0035

Metin 0037 Methanocaldococcus
Csac 2462 Caldlcellu1051ruptor
Daud_014T_Candldatus_Desulforu
Slip 2126 Syntrophothermus lip
CT1536 nifD Chlorobium tepidum
Cphamnl 1754 Chlorobium phaeob
MM0722 NifD Methanosarcina maz
Avin 01390 nifD Azotobacter vi
Moth_DSSl Moorella thermoaceti
Slip_212T_Syntrophothermus_llp
Daud 0146 Candidatus Desulforu
Metvu 1084 Methanocaldococcus
MFS40622 0034 Methanocaldococc
Metin 0038 Methanocaldococcus
Csac_ 2463 Caldicellulosiruptor
RoseRS 1199 Roseiflexus

Rcas 4041 Roseiflexus

CT1538 nifE Chlorobium tepidum
MM0724 nifE Methanosarcina maz
Avin 01450 nifE Azotobacter vi
Cthe 1565 Clostridium thermoce
Fisuc 1087 Fibrobacter

Ccel 1615 Clostridium cellulol
Mlab 1039 Methanocorpusculum 1
Mlab 1040 Methanocorpusculum 1
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Sequéncias de entrada

* Dois conceitos importantes
— Homologia

— Familia



Homologia

Dois genes que tem um mesmo ancestral sao
homologos

Freq. usado erroneamente com o sentido de similar

Similaridade nao implica necessariamente em
homologia

— Asas: morcégo e insetos (convergéncia)

As vezes a similaridade é (ou parece) baixa mas
mesmo assim existe homologia

— Barbatana de baleia e bracos em humanos

Dois tipos de homologia

— Ortologia e paralogia



Ortologos

© especiacdo

(©) ()
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paralogos ©

(@) ()

Figure by C. Lasher
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In-paralogos

-

(©)N()

Figure by C. Lasher
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Homologia e funcao

Seria bom se proteina homologas tivessem
mesma funcao

Geralmente é o caso; mas nem sempre

Paralogos estao mais sujeitos a desenvolver
novas funcoes

— Neo-funcionalizacao

Na pratica

— Membros de uma mesma familia de proteinas sao
homologos e em geral tem mesma funcao

— Superfamilias e subfamilias



Familia de proteinas

* Definicao operacional
— Duas proteinas estdo na mesma familia se seus genes
sao homologos

e ou (mais exigente)

— Duas proteinas estdao na mesma familia se seus genes
sao ortologos

e Falar em proteinas homologas é um certo abuso
de linguagem: sao os genes que sao homologos



Phylogenetic tree of the WHAMM proteins
Kollmar et al. BMC Research Notes 2012 5:88 do0i:10.1186/1756-0500-5-88



Colunas num AM devem ser
homologas

O gene ancestral comum das sequéncias no
AM também tinha aquela posicao



Alinhar DNA ou aminoacidos?

DNA: mais dificil garantir homologia nas colunas

DNA é mais sensivel, mas a 3a base de codons nao é
informativa

Comparacao com aminoacidos permite que

proteinas mais distantes possam ser incluidas

— Ha casos em que nao da para alinhar DNA (muita
divergéncia)

DNA é indicado quando as proteinas sao todas

idénticas ou quase idénticas

— Ex: cepas de uma bactéria



Algoritmo para alinhamento multiplo
de sequéncias

 Programacao dinamica
 Generalizacao de alinhamento 2-a-2



Generalizacao de PD para AM
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Consequéncia

e Se PD para alinhamentos 2-a-2 ja é caro...
e ...para AM é ainda mais caro!

e Portanto todos os programas praticos para AM
sao heuristicas

— Nao tem garantia de otimalidade (produzem
aproximacoes)



Mesmo sendo heuristicas esses
programas tem limitacoes

e As sequéncias de entrada:
— Nao muito longas (menos do que ~10 kb)
— Nao muitas (menos do que ~500)

— esses numeros variam dependendo do programa
e do computador
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Alinhamento progressivo

* |deia: combinar alinhamentos de pares, iniciando
com o par mais similar entre si

e |rjuntando os pares
e Dois estagios

1. constroi-se uma arvore-guia que determina a hierarquia
de similaridade entre os pares

2. assequéncias sao adicionadas ao alinhamento num
processo guiado pela arvore

e Seria melhor que AM e arvore fossem feitos
simultaneamente

— Muito mais complicado de fazer com rigor



Programas para AM

Muscle
— Edgar, R.C. (2004) Nucleic Acids Res. 32(5):1792-1797

— www.drive5.com/muscle

MAFFT

— Katoh, Misawa, Kuma, Miyata 2002 (Nucleic Acids Res. 30:3059-3066)
— mafft.cbrc.jp/alignment/software/

ClustalW/X (antigos) Clustal Omega (novo)

— Sievers et al. Molecular Systems Biology (2011) 7:539
— http://www.clustal.org/omega/
— http://www.ebi.ac.uk/Tools/msa/clustalo/

Outros: Probcons, Cobalt (NCBI), T-coffee
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Credit: R. Dixon

Edicao de alinhamentos

Cthe 1566 Clostridium thermoce
Fisuc 1086 Fibrobacter succino
Metvu_lO85_Methanocaldococcus
MFS40622 0035

Metin 0037 Methanocaldococcus
Csac 2462 Caldicellulosiruptor
Daud 0147 Candidatus Desulforu
Slip 2126 Syntrophothermus lip
CT1536 nifD Chlorobium tepidum
Cphamnl 1754 Chlorobium  phaeob
MM0722 NifD Methanosarcina maz
Avin 01390 nifD Azotobacter vi
Moth 0551 Moorella thermoaceti
Sllp 2127 Syntrophothermus lip
Daud_0146 ~Candidatus Desulforu
Metvu 1084 Methanocaldococcus
MFS40622 0034 Methanocaldococc
Metin 0038 Methanocaldococcus
Csac 2463 Caldicellulosiruptor
RoseRS 1199 Roseiflexus

Rcas 4041 Roseiflexus

CT1538 nifE Chlorobium tepidum
MM0724 nifE Methanosarcina maz
Avin 01450 nifE Azotobacter vi
Cthe 1565 Clostridium thermoce
Fisuc 1087 Fibrobacter
Ccel_ls15_Clostr1d1um_cellulol
Mlab 1039 Methanocorpusculum 1
Mlab 1040 Methanocorpusculum 1
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Edicao de alinhamentos

Algumas colunas podem nao ser informativas

No olho as vezes é possivel ver alinhamentos locais
melhores

Edicao manual

Edicao automatica



Edicao manual de AMs

e Jalview

— www.jalview.org
— Waterhouse et al. Bioinformatics 2009 25 (9) 1189-1191

e Seaview
— http://pbil.univ-lyon1.fr/software/seaview.html|

e Gouy M., Guindon S. & Gascuel O. (2010) Molecular Biology and Evolution
27(2):221-224


http://www.jalview.org/
http://pbil.univ-lyon1.fr/software/seaview.html

JALVIEW

L Jalview 2.6.1

http://www.jalview.org/
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SeaView

Version 4.4.2

NEW: seaview drives the Gblocks program to select blocks of conserved sites.
NEW: seaview drives the Clustal © program to perform multiple sequence alignment.

SeaView is a multiplatform, graphical user interface for multiple sequence alignment and molecular phylogeny.

* SeaView reads and writes various file formats (NEXUS, MSF, CLUSTAL, FASTA, PHYLIP, MASE, Newick) of DNA and protein sequences and of phylogenetic trees.
e SeaView drives programs muscle or Clustal Omega for multiple sequence alignment, and also allows to use any external alignment algorithm able to read and write FASTA-formatted files.
® Seaview drives the Gblocks program to select blocks of evolutionarily conserved sites.
® SeaView computes phylogenetic trees by
© parsimony, using PHYLIP's dnapars/protpars algorithm,
o distance, with NJ or BioNJ algorithms on a variety of evolutionary distances,
o maximum likelihood, driving program PhyMT 3.0.
® SeaView prints and draws phylogenetic trees on screen, SVG, PDF or PostSeript files.
® SeaView allows to download sequences from EMBL/GenBank/UniProt using the Internet.

Screen shots of the main alignment and tree windows. On-line help document. Old seaview version 3.2

Download SeaView

' & ™ ) 32-bit Linux on x86
Sele=MacOSX | ¢4 bit Linux on x86 64

Wy .
A5 MS Windows

self-extractible archive

Solaris on SPARC

source code

Note for Linux/Unix users: The downloaded archives contain the seaview executable itself, an example data file, a ‘html file, and 4 other programs (muscle, clustalo, phyml, Gblocks) that seaview drives. These 4
programs and the html file can either be left in the same directory as seaview, or be put in any directory of your PATH.

m



Edicao automatica de AMs

e GBLOCKS
— http://molevol.cmima.csic.es/castresana/Gblocks_server.html
— Castresana, J. (2000) Molecular Biology and Evolution 17, 540-552

* GUIDANCE

— http://guidance.tau.ac.il/index.html

— Penn, O., Privman, E., Ashkenazy, H., Landan, G., Graur, D. and Pupko,
T. (2010). GUIDANCE: a web server for assessing alignment
confidence scores. Nucleic Acids Research, 2010 Jul 1; 38 (Web Server

issue):W23-W28; doi: 10.1093/nar/gkq443



http://guidance.tau.ac.il/index.html

Formatos de saida

 clustal, FASTA, MSF, NEXUS, PHYLIP

e http://molecularevolution.org/resources/fileformats/converting



http://molecularevolution.org/resources/fileformats/converting

Alinhamento entre
sequéncias longas

Cromossomos inteiros

O cromossomo tipico de uma bactéria tem 4 Mbp
Cromossomo de humanos: 300 Mbp

Cromossomos e plasmideos: replicons
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BLAST nao serve

e Computadores mesmo com dezenas de GB de

RAM nao dao conta de rodar BLAST para essas
entradas

 Problema nao é tempo; € memoria RAM

 QOutras abordagens sao necessarias



O programa MUMmer

 Delcher AL, Phillippy A, Carlton J, Salzberg SL.
Fast algorithms for large-scale genome
alignment and comparison. Nucleic Acids Res.

2002 Jun 1;30(11):2478-83.

e Kurtz S, Phillippy A, Delcher AL, Smoot M,
Shumway M, Antonescu C, Salzberg SL.
Versatile and open software for comparing
large genomes. Genome Biol. 2004;5(2):R12

e http://mummer.sourceforge.net
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Como MUMmer funciona

It finds Maximal Unique Matches

These are exact matches above a user-specified threshold
that are unique

Exact matches found are clustered and extended (using
dynamic programming)
— Result is approximate matches
Data structure for exact match finding: suffix tree
— Difficult to build but very fast
Nucmer and promer

— Both very fast
— O(n + #MUMs), n = genome lengths



Arvore de sufixos para GTATCTAGG

.
A
—
GGS
=

TCTAGGS

CTAGGS

G

9
Gs

TATCTAGGS

‘m

.L“”'L

GGS

TCTAGGS

CTAGGS

g

FIGURE 3.19

An example of a suffix tree for string GTATCTAGG. A dollar
sign marks the end of the string.



 Alinhamentos de replicons inteiros revelam
rearranjos



Alinhamentos de pares de replicons
completos

Se as sequéncias fossem idénticas veriamos:
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uma inversao
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A B C D

Such inversions seem to happen around
a0z the origin or terminus.of replication 129
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E. coli K12 Promer alignment
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Alinhamento multiplo de
sequéncias longas

* O programa MAUVE

 Darling AC, Mau B, Blattner FR, Perna NT.
Mauve: multiple alignment of conserved

genomic sequence with rearrangements.
Genome Res. 2004 Jul;14(7):1394-403.



How MAUVE works

Seed-and-extend hashing

Seeds/anchors: Maximal Multiple Unique
Matches of minimum length k

Result: Local collinear blocks (LCBs)

O(G’°n + Gn log Gn), G = # genomes, n =
average genome length



Alignment algorithm

Find Multi-MUMs

Use the multi-MUMs to calculate a phylogenetic
guide tree

Find LCBs (subset of multi-MUMs; filter out
spurious matches; requires minimum weight)

Recursive anchoring to identify additional anchors
(extension of LCBs)

Progressive alignment (CLUSTALW) using guide tree



Brucella: Main chromosome alignment
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Brucella: Chromosome 2 alignment
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Coxiella: Chromosome alignment
Dugway

100000 200000 300000 400000 500000 600000 700000 800000 900000 1000000 1100000 1zobooo 130d000 140do0o 1500000 1600000 170d000 1800000 1900000 200dooo 2100000

IR (B IS IMI" '] ] |

NC_D08727.fna

i . i . - p— W == -
100000 200000 200000 400880—S T — &G EAa TS oy S DA i 7= T T

RSA 493

NC_DD2971.fna

00000 dos adoty 1806000, 1900000 2000

100600 200000

NC_D10117.fna RSA 331
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Rickettsia

100000 200000 300000 400000 500000 600000 700000 800000 900000 1006000 1100000 1206000 1306000 1400000 150d00¢
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4 0G0 ? M |‘I
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/ 200000 -~ :
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2l \ 00000 Botoey 7 00000
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T A e i /f/f
& [J!ﬁg 0T L T | o/l [l \

R_sibirica_fixed.txt (no annotations loaded) II [” L I J
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Sumario de comparacao de
sequéncias

Sequéncias Sequéncias

curtas longas

2-a-2 Prog. Dinamica Mummer
2-a-2 muitas BLAST, usearch,

. Mummer
vezes diamond

multiplo Muscle, MAFFT Mauve, MUGSY



Distancia gendmica

e Ao comparar genomas, muitas vezes é util
poder expressar essa comparacao por meio de
um unico numero

— Quando se comparam pares de replicons

e Que podem ser “replicons” concatenados

e Distancia pode ser entendida como o inverso
da similaridade



Distancia e similaridade

Sao conceitos muito parecidos

Em particular distancia de edicéo

Como transformar sequéncia s em sequéncia t
Operacoes

— Substituicao do caracter a por b (custo = 1)

— Insercao ou Remocao de um caracter (custo = 2)

O algoritmo de PD ja visto resolve esse
problema



Uma formula de distancia
gendmica
MUMi = MUM index
Baseado em MUMmer
Deloger et al. 2009
MUMi=1-1L L

mum/ av
L.um = SOma dos comprimentos de todos os MUMs

gue nao tem sobreposicao

L., = comprimento médio dos 2 genomas sendo
comparados

Para obter MUMI, basta rodar MUMmer com um
script perl desses autores



How MUMIi works

e |dentical sequences: zero
e Totally different sequences: 1

e The boundary between genus and species is
around 0.8



Distribution of all minimal MUMi values per genus.

16
14
2 12
c 10 Brucella
% Mycobacterium Listeria
o 8 Rickettsia Neisseria Helicobacter
o Borrelia
O
£ 6
=
4
2
0 -

o o1 02 03 04 05 06 0,7 08 09 1
MUMIi min

Marc Deloger et al. J. Bacteriol. 2009;191:91-99

Journal of Bacteriology

Journals ASM.Org | Copyright © American Society for Microbiology. Al Rights Reserved.



Conclusao

e N3o da para comparar distancias MUMi entre
diferentes géneros



Uma matriz de distancias gendmicas

em Brucella

Strain MUMI H..uzullﬂue""]I
83-13 BOZ2 NF 2653 BOl1 & suis B. microti
B. neotomae 5K33 0.145 0.168 0.146 0.168 0.017 0.022
Brucella sp. strain 83-13 0.172 0.009 0.175 0.147 0.150
Brucella sp. strain BO2 0.168 0.107 0.169 0.169
Brucella sp. strain NF 2653 0.172 0.147 0.146
b. inopinata BO1 0.169 0.167
B. suis biovar 3 6860 0.020

8/28/2018

«la Only the sequence of B. microti was complete, and its two
chromosome sequences were concatenated. Concatenation was done
by inserting a string with 100 nucleotides between contigs.

b The minimum MUMi value is 0, and the maximum MUMi value is 1.
J. C. Setubal 149



Valores MUMIi em Xanthomonas

[XacA628 [oEEEE T [oo176 | 00172 | 00000 [o.o1e3 T cooss T oooss [ ooose | 00606 |0.0523 [0.0588 | 0.0536 | 0.0536 | 0.0535 | 0.0536 | 0.0482 | 0.0538 | 0.0169 | 0.0169 | 0.0149 [0.015(~
[XacA636 [EEEE T [o.0177 [ o012 [ ooose [o.0238 [ oooes | cooes [oo11e [ oos24 [o.0s50 [0.0584 [ 0.0560 | 0.0560 | 0.0560 | 0.0560 | 0.0511 | 0.0561 | 0.0179 [ 0.0180 [0.0169 [D.016¢
[Xacas54 [@E632 7 [0.0131 [ 00136 | 00036 [00251 | oooss |o.ooss || cotio | ooszs [oo0s57 00592 [ noses | 00ses | 00568 | 00568 | 00512 | 00569 || 0.0133 |0.0133 [00180 [0.018°
[XacAs28 [ EE0E0 T [0.0208 [ 00211 [ 00123 [0.0178 [ 00069 [o0116 | 00119 | 20646 [o0.0558 [0.0598 [ 0.0565 [ 0.0565 | 0.0565 | 0.0565 | 0.0518 | 00566 || 0.0210 [0.0210 [0.0181 [0.018:
[xacAs27o  [[0M073 ) [0.0656 [ 0.0655 | 0.0629 [0.0707 [ 0.0606 | 0.0624 | 0.0625 | 0.0646 | 20121 [o0067 [ o060z [ 00600 | 0.0603 [ 0.0600 [ 00352 | 0.0601 | 0.0654 | 0.0654 [0.0639 [0.063¢
[xacass [7EEGE ] [0.0590 [ o.0588 | 0.0558 [0.0623 [ 0.0523 | 0.0850 [ 0.0557 | 00558 | 0.0131 [J[o.0ves [ 00541 [ oosse [ p0541 [ 00538 | 00201 [ 00539 [ 0.0588 [0.0588 [0.0561 [0.056°
[Xacasg [GE0E5 7 [0.0621 [ 00619 [ 00593 [00661 | 0.0558 |0.0584 | 0.0592 | 00598 | ooo67 |o.0oss || oosse [ oosss [ oosss | oosss | 00304 | 00556 || 0.0619 | 0.0619 [0.0578 [0.057¢
[Xacaw13 [GEG7E T [0.0584 [ 00581 | 00567 |[0.0637 | 0.0536 | 0.0560 | 0.0568 | 00565 | 00603 |0.0541 [0.0555 [ ccoot [ oooot [ oooot [ ooet1 | ooo004 | 00578 [0.0578 [0.0554 [0.055:
[XacAw14 [ OEGE [0.0581 [ 0.0578 [ 0.0568 [0.0633 [ 0.0536 [ 0.0560 [ 0.0568 | 0.0565 | 0.0600 [0.0%38 [0.0555 [ 0.0001 | 00001 [ 00001 [ 00611 [ 00004 [ 00575 [0.0575 [0.0551 [0.085;
[xacaw15 [7GEG7E T [0.0584 [ 0.0581 | 0.0567 [0.0637 [ 0.0535 | 0.0860 | 0.0568 | 0.0565 | 0.0602 [0.0541 [p.0558 | 0.0001 | cooot [ cocot | oosto [ oooos  [oos7e [00572 [0.0554 [0.055
[xacAw16 [7GEG7E ] [0.0581 [ 0.0578 | 0.0568 [0.0623 [ 0.0536 | 0.0860 | 0.0568 | 0.0565 | 0.0600 [0.0538 [0.0585 | p.0001 | cooot [ o.ooot ] costt [ oooos  [00575 [0.0575 [0.0551 [D.058
[XacAs1682 || 04007 ) [0.0599 [ 0.0587 | 00516 |00643 [ 0.0482 [ 00511 | 00512 | 00518 | 0.0352 [00291 [00304 [ 00611 | 00611 [ oo610 | oosid (] o061z [ oo0594 [oos94 [o0574 [oos7:
[XacAw12879 | [[0M074 ) [0.0583 [ 0.0579 | 0.0568 [0.0636 [ 0.0538 | 0.0561 | 0.0569 | 0.0566 | 0.0601 |00539 [0.0556 | 0.0004 | 0.0004 | 0.0004 | o.0004 | oo613 || cos76 [oos77 [oosss [ooss:
[XacBL18 [EE084 7 [0.0007 [ 0.0003 [ 00125 [0.0222 [ 0.0169 [0.0179 | 0.0133 [ 0.0210 | 0.0654 [0.0588 [0.0619 [ 0.0578 [ 0.0575 [ 00578 [ 00575 | 00594 | 00576 [ c0000 [o.0063 [o.006:
[xacFB19 [TGEG88 [0.0007 [ 0.0003 | 0.0125 [0.0222 [ 0.0169 [0.0180 [ 0.0133 [ 0.0210 | 0.0654 [0.0588 [0.0619 | 0.0578 | 00575 | 0.0578 | 00575 | 00594 | 00577 | c.oooo [ coosz [o.oos:
[xacGD2 [EEGEE ] [0.0057 [ 0.0063 [ 0.0171 [0.0194 [ 0.0149 [0.0169 [ 0.0180 [ 0.0181 | 0.0639 [0.0561 [0.0578 | 0.0584 | 0.0551 | 0.0554 | 0.0551 | 00574 | 00853 | 0.0063 [o.0063 [ o000
[XacGD3 [@EG77 7 [0.0058 [ 00063 [ 00171 [0.0194 [ 00150 [0.0169 | 0.0181 | 00182 | 00639 |0.0561 [0.0579 | 0.0557 | 00553 | 00557 | 00553 | 00575 | 00555 | 00064 |0.0064 [o.0005 [
[XacJxa [ 04077 [0.0065 [ 0.0070 [ 00168 [0.0196 | 0.0146 [ 0.0173 | 0.0177 [ 00178 | 0.0641 [0.0563 [0.0579 | 0.0557 | 0.0554 | 00557 [ 00554 | 00572 | 00556 | 0.0068 [ 0.0071 [0.0024 [0.002=
[XacJxs [ 04077 [0.0065 [ 0.0070 | 0.0167 [0.0196 | 0.0146 [0.0172 [ 0.0177 | 0.0179 | 0.0640 [0.0561 [0.0578 | D.0556 | 0.0553 | 0.0556 [ 0.0553 | 0.0571 | 00555 | 0.0071 [0.0071 [0.0024 [0.002%
[xacLmGea1 [ D4125 (01430 [ 01429 [ 0.1354 [0.1467 [ 01324 [ 01345 [ 01348 [ 01348 [ 01380 [0.1364 [0.1365 | 01535 | 01535 [ 01535 [ 01535 | 01309 | 01537 [ 01427 [01427 [0.1388 [0138
[xacmF20 [ 22084 [0.0007 [ 0.0003 [ 00125 [0.0222 | 0.0170 [0.0180 | 0.0133 | 0.0210 | 0.0652 [0.0587 [0.0617 | 0.0578 | 0.0575 | 00578 | 0.0575 | 0.0595 | 00577 | 0.0000 |0.0000 [0.0063 [0.006:
[xacmn10 [ 04076 [0.0056 [ 0.0062 | 0.0168 [0.0195 | 0.0144 [0.0171 [ 00176 | 0.0177 | 00638 [0.0560 [0.0576 | 0.0556 | 0.0553 | 0.0556 | 0.0553 | 0.0570 | 00555 | 0.0062 [ 0.0062 [0.0024 [0.002¢
[Xacmn11 [T 04075 [o.0052 [ 00058 [ 0.0169 [0.0186 | 0.0146 [0.0172 | 0.0177 [ 00182 | 0.0629 [0.0559 [0.0577 | 0.0560 | 0.0557 [ 0.0560 [ 00557 | 00569 | 00559 | 0.0059 [ 0.0058 [0.0026 [0.002:
[Xacmn12 [ 0H076 T [0.0054 [ 0.0060 [ 0.0166 [0.0186 | 0.0144 [0.0169 | 0.0175 [ 0.0177 | 0.0638 |[0.0560 [0.0577 | 0.0556 [ 0.0553 [ 0.0556 [ 0.0553 | 0.0569 [ 00555 | 0.0060 [ 0.0061 [0.0023 [0.002:
[xacnT17 [ 04085 [0.0005 | 0.0001 [ 0.0125 [0.0221 [ 00171 [00180 [ 0.0135 | 0.0209 | 0.0656 [0.0589 [0.0621 | 0.0580 | 0.0577 [ 0.0580 | 00577 | 00596 | 0.0578 [ 0.0002 [ 00002 |0.0062 [0.006:
[xacui [ 04077 [0.0059 [ 0.0065 [ 0.0171 [0.0190 | 0.0149 [0.0177 | 0.0181 | 0.0182 | 0.0644 [0.0566 [0.0583 | 0.0558 | 0.0555 | 00558 | 0.0555 | 0.0572 | 00557 | 0.0063 |0.0065 [0.0025 [0.002¢
[Xacurr [ 04076 [0.0055 [ 0.0060 [ 0.0173 [0.0190 | 0.0150 [0.0177 | 00182 [ 00183 | 0.0644 [0.0567 [0.0582 | 0.0557 | 0.0554 [ 0.0557 [ 0.0554 | 00571 | 00556 | 0.0061 [ 0.0081 [0.0014 [0.001
[Xacx1g [ 03933 [01462 [ 01461 [ 01379 [01488 | 01348 [0.1368 | 01378 [ 01364 | 01522 [0.1446 [0.1455 | 01542 [ 01543 [ 01543 [ 01543 | 01399 | 01544 | 01459 [0.14509 [0.1422 0142
[Xacx20 [ 04086 [0.1559 [ 01559 [ 01476 [0.1580 | 01447 [0.1469 [ 01476 | 01462 | 01417 [0.1337 [01351 [ 01471 [ 01471 [ 01471 [ 01471 | 01367 | 01472 [ 01557 [ 04557 [0.1519 [0.151
[xagcFBP7119 [ 04154 [0.1611 [ 0.1608 | 0.1537 [0.1650 [ 01507 [ 01531 [ 01535 [ 04521 | 01552 [0.1469 [0.1488 | 01544 | 01544 [ 01544 [ 01544 [ 01453 | 01545 [ 01606 [0.1606 [0.1574 [0.157:
[XalfaCFBP3836 | (01448  [0.3896 [ 0.3893 | 0.3831 [0.3930 | 0.3808 [ 03822 [ 0.3826 [ 0.3832 | 0.3924 |[0.3882 [0.3888 | 0.3051 | 0.3952 | 03952 | 03051 | 03839 | 03952 [ 0.3892 |[0.3893 [(0.3867 [0.386(
[alfaF1 [ 01412 [03926 [ 02923 [ 03876 [0.2985 | 0.2852 [ 0.3866 | 03870 | 0.3268 | 02951 [0.2905 [0.2916 [ 0.2980 [ 02980 | 03980 [ 03980 | 03871 | 03980 [ 03921 [0.2921 [0.2900 [0390(
[Xalfacm1510 | 01390 [0.2805 [ 0.2892 [ 0.3820 [03935 | 03307 [ 03810 | 03824 [ 03822 | 03910 |[0.3864 02875 [ 02042 | 03942 [ 02042 [ 03942 | 03822 | 02043 [ 03291 [03891 [03871 0287
[Xalfacm1637 | 01398 [0.3903 [ 0.3901 [ 0.3832 [03932 | 03814 [0.3810 | 03831 [ 0.3823 | 03938 [0.3888 [0.3901 [ 0.3960 | 0.3960 | 0.3960 [ 03960 | 03853 | 03961 [ 0.3899 [ 03899 [0.3874 [0.387:
[xauB11122  [[0AM01 " [0.2843 [ 0.2842 | 02767 [02833 [ 0.2726 [02749 | 02762 [ 02709 | 0.2837 [0.2811 [02829 [ p.2919 [ 0.2919 | 02919 [ 02919 [ p2792 | 02919 [ 02841 [02841 [02808 [0280¢
[xauB1561 [ 04264 [0.2048 [ 0.2946 | 0.2872 [0.2984 [ 0.2854 [ 02857 [ 0.2874 [ 0.2867 | 0.2949 [02925 [0.2941 [ 03021 | 03021 [ 03021 [ 03021 | 02902 [ 03022 [ 0.2945 [ 02945 [0.2914 0291
[xauc10s3s |1 04164 |[0.2877 | 0.2876 [ 0.2800 [02912 | 02777 [0.2784 | 02798 [ 02798 | 02012 |[0.2853 [02876 | 02062 | 0.2062 [ 02062 [ 02962 | 02823 | 02062 | 0.2874 [ 02874 [02842 [0.284:
[Xauc1559 [ 04412 [0.2166 [ 0.2166 [ 0.3101 [03201 [ 03085 [0.3079 [ 03104 [ 03100 | 03216 [0.3156 [0.2178 | 02255 | 03265 | 02256 | 03255 | 03126 | 02256 | 0.3164 | 0.3164 [0.2135 [p.21a
[XauC1609 [ 04354 (03036 [ 03034 | 0.2974 [03070 | 0.2951 [ 0.2959 | 02972 [ 0.2069 | 03081 [03021 [0.3039 [ 03130 [ 03130 [ 03130 [ 03120 | 02991 [ 03130 [ 0.3033 [ 03033 [0.3004 [0.300:
[xaucs35 [ 02241 |[0.2953 [ 02953 [ 02875 [0.2989 | 02854 |0.2861 | 0.2872 | 02871 | 02984 [0.2919 [02941 [ 03041 [ 03041 [ 03041 | 03041 | 02890 | 03041 | 02951 [0.2951 02921 [p.292:
[Yanr7aa I ["no794 [ nnaaa [no7ea [noans [ nosaa [ nocoa [ nosaa [nogaa [ no7en [ nosos [noena [noena [no77o Tno7e 7

nA1na [noan7 [(noens [ no79a [nsgaa [novns [na7an [ ns79s
I

3



|.H.-ECHI"I1..-! _|L|.L|L|':l-5l- | (AR | W.uon |L|.L|'Ititl | LU 48 | W.uod | LuUlsra | WUTes | U.uod
XacNT17 0.0005 | 0.0001 | 00125 (00221 | 0.0171 | 0.0180 | 0.0135 | 0.0209 | D.065
XacUl6 0.0059 | 0.0065 | 0.0171 [0.0190 | 0.0149 | 0.0177 | 0.0181 | 0.0182 | D.064
[Kacul? [ 0H076 T [0.0055 | p.oo60 [ 0.0173 [0.0190 [ 0.0150 [ 0.0177 [ 0.0182 [ 0.0183 | 0.064
IXacX18 | 03933 (01462 | 01461 | 01379 (01488 | 01348 | 01368 | 01378 | 01364 | 0152
XacX20 [ DE086 [0.1559 | 0.1559 [ 01476 [0.1590 [ 0.1447 | 0.1469 [ 0.1476 | 0.1462 [ 0.141
XagCFBP7119 [ 04464 01611 | 0.1608 | 01537 [0.1650 | 01507 [ 01531 [ 01535 [ 01521 | 0.155
XalfaCFBP3836 | 0.1448  |0.3896 | 0.3893 | 03831 |[0.3930 | 0.3808 | 0.3822 | 0.3826 | 0.3832 | 0.392
XalfaF1 | 01412 [0.3926 | 0.2923 | 0.3876 [0.3965 | 0.3852 | 0.2866 | 0.2870 | 0.2868 | 0.395
IXalfacm1510 | 01390 [0.3895 | 0.3802 | 03829 [0.3935 | 0.3807 | 0.3810 | 03824 | 03822 | 0391
Xalfacm1637 | 01398 [0.3903 [ 03901 | 03832 [0.3932 | 0.3814 [ 03810 | 03831 [ 03823 | 0393
XauB11122 0.2843 | 02842 | 02767 (02833 | 0.2726 | 0.2749 | 0.2762 | 0.2709 | 0.283
XauB1561 02948 | 02946 | 02872 (02984 | 02854 | 0.2857 | 0.2874 | 0.2867 | 0.294
XauC10535 02877 | 0.2876 | 02800 (02912 | 0.2777 | 0.2784 | 02798 | 0.2798 | 0.291
[XauC1559 | 03101 [0.3201 | 0.3085 | 03079 | 0.3104 | 03100 | 0321
[XauC1609 | 0.2974 [0.3070 | 0.2951 | 0.2959 | 0.2972 | 0.2969 | (0.308
[XauC535 | 0.2875 |0.2989 | 0.2854 | 0.2861 | 0.2872 | 0.2871 | 0.298
I I

I'I-'----.l""TE'}

Il"‘i e AT I M

I M aTAn

I [n B e el

I [a e iy |

momem A

Largest distance: 0.4506 (X. perforans 91-118 and X. fuscans aurantifolii C 1559)

For comparison: distance between Stenotrophomonas maltophilia and Xac 306: 0.912



ANI

Average Nucleotide Identity [Goris et al. 2007]
Baseado em BLAST

one-way ANI (best hits)

two-way ANI (reciprocal best hits)

Typically, 2 species will have ANI > 95%

< 75% : not to be trusted
http://enve-omics.ce.gatech.edu/ani/



GDDC

Genome-to-genome distance calculation

rigorous in silico replacement for DNA-DNA
hybridization wet-lab experiments

http://ggdc.dsmz.de

Meier-Kolthoff, J.P., et al., Genome sequence-based species delimitation
with confidence intervals and improved distance functions. BMC
Bioinformatics, 2013. 14: p. 60



http://ggdc.dsmz.de/

Comparacao de conjuntos de
genes

e Given a set of genomes, represented by their
‘proteomes’ or sets of protein sequences

e Given homologous relationships (as given for
example by orthoMCL)
— Which genes are shared by genomes X and Y?
— Which genes are unique to genome Z?
— Venn or extended Venn diagrams



3-way genome comparison
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Diagrama de Venn paran =6




Liberibacter crescens
(1378 proteins)

Ca. L. americanus |
(987 proteins)

Ca. L. asiaticus Ca. L. solanacearum
(1109 proteins) (1192 proteins)

Fig. 2. Venn diagram showing protein-coding gene sharing among the four Liberibacter genomes. Numbers below each species are the total number of
predicted protein-coding genes for that genome.

Wulff et al. MPMI Vol. 27, No. 2, 2014, pp. 163—176 http://dx.doi.org/10.1094/MPMI-09-13-0292-R.



Computo de familias de proteinas

1. Verificar as similaridades entre as sequéncias

a) Usando (por exemplo) BLAST + critérios

2. Representar as similaridades num grafo

3. Aplicar um algoritmo de clusterizacao sobre o
grafo



Clusterizacao é necessaria porque
o grafo pode ser complexo

0'0




Resultado da clusterizacao

* Matriz com genes nas colunas (g;), genomas nas
linhas (O,)

e Cada coluna representa uma familia de genes
homologos

06

e e e | e
o1 v v v
02 v v
03 v v
04 v v v
O5 v v v
v
v



orthoMCL pipeline

Protein sequences
from
organisms of interest

All-against-all
BLASTP

Between Species: Within Species:
Reciprocal best similarity pairs| |Reciprocal better similarity pairs
Putative orthologs (recent) paralogs

\/

Similarity Matrix
(normalized by species)

Markov Clustering

Ortholog groups
with (recent) paralogs

Li Li et al. Genome Res. 2003; 13: 2178-2189

Cold Spring Harbor Laboratory Press



OrthoMCL DB

Ortholog Groups of Protein Sequences

® About OrthoMCL ~ ® Search ~ ® Tools ~

NEWS Welcome to OrthoMCL DB

Mar 31, 2011

OrthoMCL-DB Version 5 is released. We
have included 150 genomes in this
release.

May 31, 2010

OrthoMCL-DB Version 4 is released.
There are 128 genomes included in
version 4.

Oct 9, 2009

OrthoMCL-DB Version 3 is released. The
new dataset includes 128 genomes. MNew
web site features include: (1) a tool to
assign your proteins to CrthoMCL groups
(see the new tools menu); (2) a mapping
from Version 3 groups to Version 2 and 1
i= available for searching, allowing you to
track changes across versions; (3) the
phyletic pattern in the groups result page
is configurable, so you can tailor it to the
clades you are interested in.

Sep 22, 2009

OrthoMCL-DOB pipeline re-engineered. We
have completely overhauled how we
produce the database, encoding the entire
processin a pipeline system. This should
dramatically improve our ability to deliver
new versions ofthe database.

Feb 28, 2008

Ortholog Groups of Protein Sequences from Multiple Genomes!

Current Release:
Version: 5
Number of Genomes: 150
Number of Protein Sequences. 1398546
NMumber of Ortholog Groups: 124740

Search for Groups

— by IDs, Keyword, or PFam domain
— by Phyletic Pattern

= [y Phyletic Pattern - Advanced

= [y Group Properies

—  Query History - Groups

Search for Sequences

— by IDs, Keyword, Taxonomy or PFam domain
— by BLAST Search
= Cuery History - Sequences

Tools

— Assign your proteins to OrthoMCL groups
OrthoMCL Software
Database Download



Xanthomonas fuscans str. aurantifolii Genome Project

Choose genomes to see OrthoMCL families containing genes from them

Include Exclude I don't care
O O ® Hanthomonas fuscans subsp. aurantifoln str. 11122 (B)
O O ® Hanthomonas fuscans subsp. aurantifoln str. 105535 (C)
O O ® Hanthomonas campestris pv. campestrs str. 8004
O O ® Hanthomonas campestns pv. campestns str. ATCC 3391
O O ® Hanthomonas campestris pv. campestris B100
O O ® Hanthomonas campestris pv. vesicatona str. 85-10
O O ® Hanthomonas azonopodis pv. citn str. 306
O O ® Hanthomonas oryzae pv. oryzae KACCI053]
O O ® Hanthomonas oryzae pv. oryzae MAFF 311018
O O ® Hanthomonas oryzae pv. oryzae PHO994
O O ® Hanthomonas alhiineans GPE PC73
O O ® Hylella fastidioga Jasc
O O ® Hylella fastidiosa M12
O O ® ylella fastidiosa M23 plasmid pXFASO]
O O ® Hylella fastidiosa Temeculal

Ccheck all Ocheck all O check all(zee all famnilies)

[ Submit Query ] [ Fezet ]




331/384 (B6%)

alkanesulfonate transporter substrate-binding subunit [Manthomonas axonopodis pw. citri str.

- nitrate transport protein [Hanthomonas fuscans subsp. aurantifolii str. 11122 (B)]
- hitrate transport protein [Hanthomonas fuscans subsp. aurantifolii str. 10535 (C)]

J46,/346 (100%)
oxidoreductase [Kanthomohas axonopodiz pv. citri str. 306]
- oxidoreductase [Xanthomonas fuscans subsp. aurantifolii str. 11122 (E)]
- oxidoreductase [Xanthomonas fuscans subsp. aurantifolii str. 10535 (C)]

442/ dd2 {100%)
nitrilotriacetate monooxyyenase comnponent A [Xanthomonaz axonopodiz pv. citri str. 306]

- hitrilotriacetate monooxXygenase component & [Xanthomonas fuscans subsp. aurantifolii str.
- hitrilotriacetate monooXygenase component i [XKanthomonas fuscans subsp. aurantifolii str.

356/356 {100%)

avirulence protein [Xanthomonas axonopodisz pv. citri str. 306]
- type III zsecretion aystem hopkxl-like protein [Xanthomonas fuscans subsp.
- type III zecretion system hopkxl-like protein [Xanthomonas fuscans subsp.

2917297 {97%)
hypothetical protein HAC3IZ230 [Xanthomonas axonopodis pv. citri str. 306]

- conserved hypothetical protein [XHanthomonas fuscans subsp. aurantifolii str. 11122 (B)]
- conserved hypothetical protein [Xanthomonas fuscans subsp. aurantifolii str. 10535 (C1]

2037373 (94%)
Lranspozsase [Hanthomonas axonopodis pv. citri str. 306]
- transposagse [Kanthomonas fuscans subsp. aurantifolii str. 11122 (E) ]
- transposase [Xanthomonas fuscans subsp. aurantifolii str. 10535 (C)]

1634171 (99%)
hypothetical protein ®AC3234 [Xanthomonas axonopodis pw. citri str. 306]

»Family 5256 Ghlocks
21243024 nr
0310940 nr
Q929350 hr
count = 3

FFamily 5287 Ghlocks
2134535925 nr
9510930 nr
Q920360 nr
count = 3

»Family 5288 Ghlocks
21243926 nr
9510920 nr
9929370 nr
count = 3

=Family 5289 Ghlocks
21243950 hr
O514680 nr
9900040 nr
count = 3

»Family 5290 Ghlocks
21243956 nr
Q826830 nr
Q923780 hr
count = 3

FFamily 5291 Ghlocks
212435958 nr
9503570 nr
2900450 nr
count = 3

»Family 5292 Ghlocks
21243960 nr
Q320110 nr

- conserved hyvpothetical protein [Xanthomonas fuscans subsp. aurantifolii str. 11122 (B1]

aurantifolii str.
aurantifolii str.

3061

11122 (E}]
10535 (C)]

11122
10535

(E1]
(c1]



Pan genoma; genoma core e
genoma acessorio
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Curva de pan-genoma (n = 4)

Las & Lso & Lcré

: Lam & Las & Lcré
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] 0 - L O

Lam & Lerg

=

(=]

[=2

[=]
T

@ Lam & Las & Lso

,?,,Las,& Lso

Number of genes
=
=]

plcr ;
: y Lam & Lso
» Lam & Las
1200 v | GO 5
[ |

Las

800 j i i

2 3 4
Number of genomes




1000

950

Number of genes

650

600

Curva de core genoma (n = 4)
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Number of genomes

4

O numero de genes para x=1 ndo é o mesmo do grafico anterior pois os singletons séo descartados



Genomas fechados e abertos

e Fechado

— O numero de genes/familias do pan-genoma
atinge um plato

e Aberto

— O numero de genes/familias ndo atinge um plato;
cresce sempre que se acrescentam novos
genomas



# genes

open

closed

# genomes



O genoma de E. coli é aberto

25000 -

‘— Pan-Genoms Size

20000

15000

10000

Gene Cluster Number

5000

0 30 60 a0 120 150 180 210

_ Genome Number
Fonte: pangp.big.ac.cn



Bacillus anthracis

e Genoma fechado
e Cerca de 3.000 genes



Ferramentas para andlise pan/core

e Get_ Homologues

e Contreras-Moreira, B. and P. Vinuesa, GET_HOMOLOGUES, a versatile
software package for scalable and robust microbial pangenome analysis.
Appl Environ Microbiol, 2013. 79(24): p. 7696-701

* Roary

 Page, A.l., etal., Roary: rapid large-scale prokaryote pan genome analysis.
Bioinformatics, 2015. 31(22): p. 3691-3



Conjuntos + contexto

Como genes compartilhados aparecem em
seus respectivos genomas?

Filogenbmica
Busca de sintenia = preservacao de ordem
Basta fazer um alinhamento

— Os “caracteres” a serem alinhados sao os genes



Alinhamento de ortdélogos obtido
no IMG/JGI

zanthomonas axonopodis pv. citri str. 306: NC_003919
1182505 1187505 1192508 1197505 1202505 1207505 1212505 1217505 1222505 1227505

no B D D
dJd@aTneades a dK e K] 4 A&

Aanthomonas Fuscans Subsp aurantiFulii str. ICPB 11122 xaub ctgﬁ?g 02 NZ_ACPROL000Z2Z0
FO6TS 85675 A0E7S AS6T 100675 105675 110675 115675
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Sumario - 1

e Comparacao de sequéncias “curtas” 2-a-2
— Alinhamento
— Sistemas de pontuacao
— Matrizes de substituicao
— Programacao dinamica
— Significancia estatistica de alinhamentos
— BLAST



Sumario - 2

e Comparacao de varias sequéncias ao mesmo
tempo
— Alinhamento multiplo
— Programas
e Comparacao de sequéncias “longas”
— 2-3-2
— Alinhamento multiplo



Sumario - 3

Distancias genomicas

Comparacao entre conjuntos de genes
Pan/Core

Sintenia



Protein family resources

JITIGR
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RANTHER
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Clusters of orthologous groups (COG, KOG, eggNOG)

KEGG orthologs




wellcome trust
. sanger HOME | SEARCH | BROWSE | FTP | HELP | ABOUT
. ]

institute

Pfam 26.0 (November 2011, 13672 families)

The Pfam database is a large collection of protein families, each represented by multiple sequence
alignments and hidden Markov models (HMMs). More...

QUICK LINKS YOU CAN FIND DATA IN PFAM IN VARIOUS WAYS...

P‘n m SEQUENCE SEARCH Analyze your protein sequence for Pfam matches

VIEW A PFAM FAMILY View Pfam family annotation and alignments
keyword search @
VIEW A CLAN See groups of related families

VIEW A SEQUENCE Look at the domain organisation of a protein sequence
VIEW A STRUCTURE Find the domains on a PDB structure
KEYWORD SEARCH Query Pfam by keywords

JUMP TO |Enteranram|==isiunurl[] @

Enter any type of accession or ID to jump to the page for & Pfam family or
clan, UniProt sequence, PDB structure, etc.

Or view the help pages for more information

Recent Pfam blog® posts EHide th

Does my family of interest have a determined 3D protein structure?? (posted 5 May 2012)

Two related questions that we are often asked via the Pfam helpdesk is "Which families have a known
three-dimensional structure?’ and "Why is a particular a PDB structure not found in Pfam’. You may thir
that there are obvious answers to these questions - but as with many things in life the answer is not

[...]

TreaFam ic hack with A new relaace 117 foectad =7 March =04 =%



wellcome t
S13aNn

rust

ger

Query by accession

HOME | SEARCH | BROWSE | FTP | HELP | ABOUT Il ‘nm

[e—rp— ;3

Protein: PDK1_HUMAN (Q15118) - i & NS %

1 architecture 1 seguence 0 interactions 1 species 2 structures

ESI"I‘II‘I‘IEII’Y

Summary

Features

Sequence

Structures

TreeFam

Jump to...

enter ID/acc @

PDK1_HUMAN

This is the summary of UniProt entry PDK1 HUMANCR (Q151180F).

Description: [Pyruvate dehydrogenase [lipoamide]] kinase isozyme 1, mitochondrial EC=2.7.11.2

View Pfam proteome data.
Length: 436 amino acids

Please note: when we start each new Pfam data release, we take a copy of the UniProt sequence database. This snapshot of UniProt forms the basis of the overview that you see here. It is important to note
that, although some UniProt entries may be removed after 2 Pfam release, these entries will not be removed from Pfam until the next Pfam data release.

Pfam domains

This image shows the arrangement of the Pfam domains that we found on this sequence. Clicking on a domain will take you to the page describing that Pfam entry. The table below gives
the domain boundaries for each of the domains.

"4

sig_p 1 21
low_complexity 2 41
Pfam A BCDHK Adom3 53 221
Pfam A HATPase c 268 3492

Comments or questions on the site? Send 2 mail to pfam-help@sanger.ac.uk. Cur cookie policy.
The Wellcome Trust




PANTHER

Classification System

, LOGIN REGSTER  CONTACTUS  HELP
m Genes and orthologs | Trees and HMM= | Pathways m Workspace

KEYWORD SEARCH

Quick links

All

hd m

Whole genome function

What can | do on ;
the PANTHER site o

Guide to getting started

views SEQUENCE SEARCH :
Gene expression tools Enter 3 protein sequence: News
cSNP tools : - (March 15, 2012)

Upload multiple gene IDs

Community Curation

My Workspace

HWM scoring :
. Sequence query limits: Protein - S0kb

Submit |

The PANTHER (Protein ANalysis THrough Evolutionary Relationships)
Clas=sification System iz a unigue resource that classifies genes by
their functions, using published scientific experimental evidence and
) evolutionary relationships to predict function even in the absence of
Enter your Email: o direct experimental evidence. Proteins are classified by expert

| biologists according to:

Downloads
Genome statistics

Site map

Newsletter
subscription

» Gene families and subfamilies, including annotated phylogenetic
frees

» Gene Ontology classes: molecular function, biological process,
cellular compaonent

» PANTHER Protein Classes
» Pathways, including diagrams

Subscribe B

PAMTHER is part of the Gene Ontology Reference Genome Project.

PAMTHER is supported by a research grant from the Mational Institute of
General Medical Sciences [grant GMO81084] and maintained by the
Thomas lab at the University of Southern California.

About Contact Us System Reguirements Privacy Policy
& Copyright 2010 Paul Thomas All Rights Reserved,

Disclaimer

- PANTHER 7.2 is released.

© Click for additional info.

: Publications

- How to cite PANTHER

: "PANTHER version 7:
improved phylogenetic

: trees, orthologs and
collaboration with the Gene
* Qotology Consortium.” Ki

- etal

"Applications for protein

© seguence-function
evolution data:

. mEMAJprotein expression
analysiz and coding SNP
scoring tools.” Thomas, et
o oal

"PANTHER: a library of
: protein families and
subfamilies indexed by
: function.” Thomas, &t al.




Search

PANTHER families -

Quick links

Whole genome function
ViEwWs

Gene expression tools

cSHNP tools

Upload multiple gene IDs

Community Curation

My Workspace
HMM =scoring

Downloads

Genome statistics

Site map

Hewsletter subscription

Enter yvour Email:

Subscribe

PANTHER HMM SEQUENCE SCORING RESULTS @

The top scoring HMM is reported, along with the E-value (the number of
expected false-positive hits expected]. If the E-value is less than 1e-32, no hits
are reported.

PAMTHER Hit: PROLINE SYNTHETASE CO-TRANSCRIBED BACTERIAL HOMOLOG
PROTEIN (PTHR10146)
HMM E-value score: 2.2e-113 eee (&

Sequence Domain seg-f seqg-t

387.5 2.2e-113

seguence 1/1 1

ABlignments of top-scoring domains:
sequence: domain 1 of 1, from 1 to 234: score 387.5, E = 2.2e-113
*—rlgvaanLakVlerikaaaakagRdppavrLvAVSEKTkPaelileayd
++va+nlL++V++++++a+ak+ E + +LvAVSKETkP+e+++eav+
sequence 1 HAVAERNLLAVELEVARAVARSARO-QODCTLVAVSETKFVEDLOEAYE 46
aGgRhFGENYvRElleKaplLpdl cpdi kWHFIGhRLO sHNEvEKL]L . gvpn
a gEhFGENY+QEl1++Kapllp d+kEWH+IGh+QsNE+E+1+++vpn
sequence 47 ADORHFGENYIQELVOEAPLLPE---DVEWHYIGHVQSHNELEPLVCDVEN 93

ldmvhesvDslkladklnkaaaklkglgkplkvlvOVHNtsGEesEsGvppe
l++v++vDes+k+d++1lnka ++ ++4++14+v+vOVHEs Ee+EsG++ +
sequence 94 LEFVWEIVDSIEIANATLNEASGEF--RSEELNVHVOVHNTSEEEQESGIDAD 141

ElpellkhvlkkecpnLel lIGLMTIGpfdgdlekgpnpdFallaklrkeve
+el++h+++ c++L+1 GLMTIGH+++  ++ F +L+++rk+v+
sequence 142 GSVELAQHIVSSCEHLNLTGLMTIGRYGDTTSE--—--CFDRLVACEERVA 187

Eklglnpkl 1 ELSHMGMSgDfeliTeaGsTIVREvGsalFGeRdypkkp<—*
+++g + 1 LEMGMSgDfelaT GsT+VRVGEsS+IFG+R+y +k+
Sequence 1838 EATGEAETDLDLSMGHMSGDFELATSCGSTHVRVGSTIFGARNYANEE 234



PANTHER

Classification System

LOGIN  REQSTER.  COMTACTUS  HELP

y o

m L LT Gl BTl Trees and HMM:s SO m Workspace

Download HMMs

Search Families

Search

PAMTHER families -

Quick links

Whole genome function
Views

Gene expression tools

cSNP tools

Upload multiple gene IDs

Community Curation

Mv Workspace
HKM =coring

Downloads

Genome statistics

Site map

PANTHER FAMILY INFORMATION

Newsletter subscription

Enter your Email:

Family:

Subfamilies:

FAMTHER Links:

GO Molecular Function:

GO Biological Process:

GO Cellular Component:
PANTHER protein class:
Pathway Categories:
Genes:

HMM Length

Downloads:

PROLIME SYNTHETASE CO-TRANSCRIBED BACTERIAL HOMOLOG
PROTEIN (PTHR10146)

1

=L

Tree MSA

catalytic activity

metabolic process

L primary metabolic process

L cellular aming acid and derivative metabalic process

L cellular aming acid metabalic process

No pathway information available
45
273

HMM (HMMER format)

GENES ASSIGNED TO THIS FAMILY

Species

Anopheles gambias

Aquifex

aeolicus wfs

Arabidopsis thaliana

Count

Ik =



PANTHER TREE VIEWER '’ « close window

Family Mame : PROLINE SYNTHETASE CO-TRANSCRIBED BACTERIAL HOMOLOG PROTEIN (PTHR10146)

Tree MSA
Tree ; Grid [ MSA
Nizs) 150] el
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PhyloFacts 3.0.2

PhyloFacts release PF3.0.2 contains 7,337,238 protein sequences from 99,254 unigue taxa (including strains) across 92,800 families
(25,446 grouped by PFAM domain and 67,354 grouped by multi-domain architecture agreement). More __

SEQUENCE ACCESSION SEARCH Query PhyloFacts by UniProt accession or identifier PhyloFacts statistics
ORTHOLOG IDENTIFICATION  PhyloFacts Orthalogy Group: phylogenetic arthologs 7.3M unique proteins across the Tree of Life
JUMP TO PHYLOFACTS FAMILY View PhyloFacts family alignments, trees, and annotations

PHYLOFACTS-PFAM SEARCH Query PhyloFacts by Pfam accession (PhyloFacts-Pfam Project)

GENOME COVERAGE View coverage of key species in PhyloFacts

STATISTICS View PhyloFacts coverage statistics
DOWNLOADS Download PhyloFacts data
CITING PHYLOFACTS How to cite PhyloFacts

[l Bacteria (5.4M, 73.7%)
Eukaryotes (1.6M, 22.0%)

B Archaea 157k, 2.1%)

B Viruses {153k, 2.1%;}

I Unclassified {4.3k, 0.05%)

PhyloFacts is funded by a grant from the Department of Energy, Division of Biological and Environmental Research (details).



PHOG0274269_00186 — Proline synthetase co-transcribed bacterial protein

PHOG tree:
Pfam domains:

Taxonomic distribution:

Phylofacts
guery by sequence search

View tree
Ala_racemase_M

stramenopiles

PhyloFacts family: bpgl243724
Alignment: Global
MNumber of sequences: 4
Alignment length: 296
PhyloFacts Orthology Group Members
Gene ID Species Description Swiss GO EC KEGG Lit.
Ect ilicul
DELNZ4 ~ A SIS S Putative uncharacterized protein
(Brown alga)
Phaecdactylum
B7GCE9 tricornutum Predicted protein
(strain CCAP 1055/1)
Ph hth infest:
DOMSz8 T":‘tip ora iiEsians Proline synthetase co-transcribed bacterial protein
Thalassiosira pseudonana . .
BEBUT1 Predicted protein

Download As CSV

(Marine diatom)



Resource federation: InterPro
EMBL-EBI ::° 3. R 7550 oo of Use i Privacy | Cookies

Databases | Tools | Research | Training | Industry | AboutUs - Help - site Index [ &5
= InterFro:Home EBI * Databases * InterPro
%.{%duann:ed Search
;..mterpmacan InterPro protein sequence analysis & classification
-~ Biokart = InterPro is an integrated database of predictive protein signatures used for the classification and automatic
B Help / _ annotation of proteins and genomes. InterPro classifies sequences at superfamily, family and subfamily
I::lncumentatlcun levels, predicting the occurrence of functional domains, repeats and important sites. InterPro adds in-depth
¢ -About InterPro annotation, including GO terms, to the protein signatures.
E”RElEESE MNotes Current release: 37.0 30 April 2012 (see Release Motes for further details)
: i"BioMart Manual
E"Tutnrial
¢ -Publications
. Search gy InterPro: =
¢ Contributors =8

Web Services _
: Do a sequence search of InterPro, via InterProScan

“Downloads .
i Protein Focus Extract large datasets by querying our BioMart =
“Killer toxin You can access our data programmatically, via Web Semvices

Protein (KP4)
Use the updated InterProScan Web Sernvice

Hews

We are delighted to announce the release of InterProScan 8RC1: the first release candidate of InterProScan
version 5. To abtain a copy ofthis release candidate, please visit Eunning InterProScan 5 for complete
documentation regarding downloading, installing and using InterProScan 5RC1.

Arecently published paper describing new developments with the InterPro database is available at Mucleic
Acids Research (doi: 10.1093/nar/gkra43)

A paper describing InterPro’s approach to Gene Ontology curation has also recently been published and is
available at Database (doi: 10.1093/database/bar068)




Not as easy as it may sound...

e Specific protein families may not be consistent
across resources

e Most families (MSAs, trees, HMMs) in these
resources are not manually curated

— Domains in Pfam-A are curated
— TIGRfams are curated
— HAMAP families are curated



http://www.expasy.org
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Visual Guidance

proteomics

genomics

structural bioinformatics
systems biology
phylogeny/evolution
population genetics
transcriptomics
biophysics

imaging

IT infrastructure

drug design

Resources A..Z

Links/Documentation

ExPASY

Biocinformatics Resource Portal

| Query all databases |Z| | ®  search | help

ExPASy is the SIB Biocinformatics Resource Portal which provides access fo scientific databases and software tools (i.e., resources) in
different areas of life sciences including proteomics, genomics, phylogeny, systems biology, population genetics, transcriptomics etc. (see
Categories in the left menu). On this portal you find resources from many different SIB groups as well as external institutions.

Featuring today

SuperTree

Build phylogenetic supertrees ﬂ
[details]

How to use this portal?

= Features and updates
« New to EXPASY
= Experienced EXPASY users: what is different

Home About Contact

Popular resources

3 UniProtkB

@ SWISS-MODEL
+ STRING

== PROSITE

Latest News |

UniProt Knowledgebase release
2013 08 - 2013 4
UniProtikB/Swiss-Prot Release of
24-Jul-2013 contains 540,732
sequence entries.. More.
UniProtkB/TrEMBL Release of
24-Jul-2013 contains 41,451,118
sequence entries.._More

Protein Spotlight: the intricacy of a
smell - 2013-07-22

We all need a nose. Inside this part of
an animal's body lie millions of
olfactory receptors awaiting smells that
they will send on to the brain. In turn
our brain will say whether the smell is
good, or bad...Mare.

[Mare news] [SIB news]
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Visual Guidance

proteomics

genomics
sequence alignment
similarity search

characterisation/annotation
structural bioinformatics
systems biology
phylogenylevolution
population genetics

transcriptomics

ExPASY

Bioinformatics Resource Portal

|Out—':ryr all databases |Z||

& SIB resources
External resources - (No support from the ExPASy Team)

Tools

Alignment tools » Four tools for multiple alignments = [more]

EX boxshade = MSA pretty printer » [more]

EX ClustalW - Multiple sequence alignment = [more]
ClustalWW - PBIL » Multiple sequence alignment program = [mare]
Clustal\WW2 = Multiple sequence alignment program = [mare]

n Codon Suite = codon-based sequence analysis * [mare]

u Decrease redundancy » Sequence redundancy reduction = [maore]
DIALIGN = Local multiple sequence aligment = [more]
GENIO/logo = RNA/DNA, & Amino Acid Sequence Logos = [more]
Kalign - EBI » Fast and accurate multiple sequence alignment = [more]

x

search

help

Home About Contact

Kalign - SBC - Fast and accurate multiple sequence alignment = [more]

_bloph_YSICs n LALIGN » Pairwise alignment = [mare]

fueR u MADAP = clustering for genome annotation data = [maore]
ITinfrastructure MAFFT - CBRC - Multiple sequence aligment = [mare]
drug design MAFFT - EBI = Multiple sequence aligment = [mare]

MaxAlign « Gap removal from alignments « [more]

Links/Documentation

Multialin = Multiple sequence alignment = [mare]
MUSCLE =« Multiple alignment server = [more]
u Newick Utilities « high-throughput phylogenetic tree processing = [more]
EX Phylogibbs - regulatory sites discavery = [more]
EX SiBsim4 - spliced sequence alignment - [more]
EX T-Coffee » sequence and structure multiple alignments = [more]
T-Coffee - EBI » Multiple sequence alignment program = [mare]
T-Coffee - WUR » Multiple sequence alignment program = [mare]

WebLogo » Sequence logos = [mare]

SIB Swiss Institute Bicinformatics | Disclaimer




protedmica

proteomics
protein sequences and identification
mass spectrometry and 2-DE data
protein characterisation and function
families, patterns and profiles
post-translational medification
protein structure
protein-protein interaction
similarity search/alignment
genomics
structural bicinformatics
systems biology
phylogeny/evolution
population genetics
transcriptomics
biophysics
imaging
IT infrastructure

drug design

Links/Documentation

Databases

EX neXtProt = human proteins = [more]

EX PROSITE - protein domains and families = [more]

EN STRING - protein-protein interactions = [more]

“ SWISS-MODEL Repository = protein structure homology models = [mare]
EX UniProtKB - functional information on proteins = [more]

EX UniProtKB/Swiss-Prot » protein sequence database = [more]

EX ViralZone = portal to viral UniProtkB entries = [more]

EN EMBnet sewvices + bioinformatics tools, databases and courses - [more]
EX ENZYME = enzyme nomenclature » [more]

EN GlycoSuiteDB - glycan database - [more]

“ GPSDB - gene and protein synonyms = [more]

EX HAMAP « UniProtKB family classification and annotation = [more]
EX MetaMetX = Metabolic Network Repository & Analysis = [more]

BN MIAPEGeIDB - MIAPE document edition = [more]

“ MyHits « protein domains database and tools = [mare]

BN PANDITplus + protein families and domains resources » [more]

EX PaxDb - protein abundance database - [more]

EX Prolune = Popular science articles (in French) = [more]

BN Protein Model Portal - structural information for a protein = [more]
“ Protein Spotlight = Informally written reviews on proteins = [more]
EX SugarBind = pathogen sugar-binding » [more]

EX SWISS-2DPAGE -« proteins on 2-D and SDS PAGE maps » [more]
EN SwissSidechain - non-natural amino-acid sidechains - [more]

“ SwissVar = variants in UniProtKB entries = [more]

EX TCS - interaction specificity in two-component systems = [more]

24 UniMES (UniProt metagenomic samples) = UniProt Metagenomic and
Environmental Sequences = [more]

[Z4 UniParc (UniProt sequence archive) - UniPrat sequence archive = [more]
EX UniPathway = metabolic pathways for the UniPratkB = [more]

27 UniRef (UniProt sequence clusters) - UniProtkB sequence clusters = [more]
“ World-2DPAGE Constellation « set of 2DPAGE resources = [maore]

EX World-2DPAGE Repository = gel-based proteomics data = [more]

Tools

EX SWISS-MODEL Workspace = structure homology-maodeling = [more]
EX SwissDock = protein ligand docking server = [more]

24 27IP - Prediction of leucine zipper domains = [more]

24 3off - find user-defined patterns in protein sequences - [more]

EN AACompldent = protein identification by aa composition = [more]
BN AACompSim - amino acid composition comparison = [more]

Ky Agadir = Prediction of the helical content of peptides » [more]

EN ALF - simulation of genome evalution = [more]

[Z4 Alignment tools = Four tools for multiple alignments = [more]

BN AlIAIl - protein sequences comparisons - [more]

4 APSSP - Advanced Protein Secondary Structure Prediction = [more]
2 Ascalaph = Molecular modeling software » [more]

24 big-Pl = predict GPI modification sites = [more]

EN Biochemical Pathways - Biochemical Pathways - [more]

“ BLAST » sequence similarity search = [mare]

BN BLAST (UniProt) » BLAST search on the UniProt web site = [more]
[Z BLAST - NCBI - Biological sequence similarity search = [more]

2 BLAST - PBIL = BLAST search on protein sequence databases = [more]

[Z1 Blast2Fasta - Blast to Fasta conversion - [more]

“ boxshade « MSA pretty printer » [mare]

[Z CFSSP - Protein secondary structure prediction = [more]

[Z4 ChloroP = chloroplast transit peptides & cleavage sites = [more]
EN Click2Drug - Directory of computational drug design tools - [more]
“ ClustalO (UniProt) = Align two or more protein sequences = [more]
EX ClustalW = Multiple sequence alignment » [more]

24 ClustalW - PBIL » Multiple sequence alignment program = [more]
[Zf ClustalW2 = Multiple sequence alignment program = [more]

1 Coiled-Coils prediction « Prediction of coiled coils regions = [mare]
“ COILS = Prediction of Coiled Coil Regions in Proteins = [more]

[Z{ ColorSeq = Color Protein Sequence = [more]

EX Compute pl/MW = theoretical pl and Mw computation = [more]

21 CPHmodels - Protein homology modeling - [more]

4 CSS-Palm - Prediction of palmitoylation sites in proteins = [more]
2 DAS-TMfilter = Prediction of transmembrane regions = [more]

EN Decrease redundancy = Sequence redundancy reduction = [more]
21 DIALIGN = Local multiple sequence aligment - [more]

Ef DictyDGlyc » GlcNAc O-glycosylation sites in D.discoideum = [maore]
21 DisEMBL » Prediction of disordered protein regions = [more]

» |
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Fig. 4. Net gene loss or gain throughout the evolution of the {alpha}-proteobacterial species
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