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Programas para inferéncia
filogenética

* Pacotes
— Oferecem varios diferentes programas
— Diferentes métodos para o mesmo objetivo
— Podem incluir programas auxiliares

* Programas individuais

— Sao0 especializados num método



Pacotes

* PHYLIP

— Joe Felsenstein
— http://evolution.genetics.washington.edu/phylip.html

e PAUP
— David Swofford
— http://paup.csit.fsu.edu/

* MEGA

— Sudhir Kumar, Koichiro Tamura & Masatoshi Nei

— http://www.megasoftware.net/

— Atualmente na versao X


http://paup.csit.fsu.edu/
http://www.megasoftware.net/

Programas que implementam
meétodos nao-probabilisticos
e Distancia
— Pacotes mencionados no slide anterior

* Neighbor-joining
e UPGMA

e Parcimonia

— pacotes mencionados no slide anterior



Maxima verossimilhanca

RaXML
— A. Stamatakis
— http://www.exelixis-lab.org/
phyML
— 0. Gascuel et al. Systematic Biology, 59(3):307-21, 2010
— http://www.atgc-montpellier.fr/phyml/

fastTree
— Morgan N. Price in Adam Arkin’s group
— http://www.microbesonline.org/fasttree/

— “FastTree can handle alignments with up to a million of sequences in a reasonable
amount of time and memory”

IQ-Tree
— http://www.igtree.org/

— A fast and effective stochastic algorithm to infer phylogenetic trees by maximum
likelihood. IQ-TREE compares favorably to RAxML and PhyML in terms of likelihoods with
similar computing time (Nguyen et al., 2015)



http://www.exelixis-lab.org/
http://www.atgc-montpellier.fr/phyml/
http://www.microbesonline.org/fasttree/
http://www.iqtree.org/
http://dx.doi.org/10.1093/molbev/msu300

Um resultado pontual de
desempenho

Criacao de uma arvore ML para 500
sequéncias de proteinas com aprox. 300 aa

Computador desktop “normal” (4 GB de RAM)
RAXML or PHYmI levaram aprox. 10 horas

FastTree levou menos do que 1 hora



Inferéncia bayesiana

MrBayes

Ronquist and Huelsenbeck. Bioinformatics.
2003 19(12):1572-4.

http://mrbayes.sourceforge.net/

Mais lento comparado a RAXML e phyML

Resultados n3ao sao conclusivamente melhores
do que ML


http://mrbayes.sourceforge.net/

O problema da caixa preta

e |dealmente: todo usuario de um método e
respectivo programa deveria entender os
principios do método

* No caso de métodos de filogenia

— Estatistica nao trivial



Visualizacao de arvores: formatos

e Newick, NEXUS

e (((erHomoC:0.28006,erCaelC:0.22089):0.40998,(erH
omoA:0.32304,
(erpCaelC:0.58815,((erHomoB:0.5807,erCaelB:0.235
69):0.03586,
erCaelA:0.38272):0.06516):0.03492):0.14265):0.635
94,(TRXHomo:0.65866,
TRXSacch:0.38791):0.32147,TRXEcoli:0.57336);

https://evomics.org/resources/tree-formats/



https://evomics.org/resources/tree-formats/

Visualizacao de arvores

* Interactive Tree of Life http://itol.embl.de

* http://en.wikipedia.org/wiki/List_of phylogenetic_tree_visualization_software


http://itol.embl.de/
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All-in-one:
https://www.phylogeny.fr

. : ATnformn
: T NOoMmiguUese
Striucturale

pour la

" Lirmm

Home Phylogeny Analysis Blast Explorer Online Programs Your Workspace  Documentation Downloads Contacts

Phylogeny.fr
Robust Phylogenetic Analysis For The Non-Specialist

d

Phylogeny.fr is a free, simple to use web service dedicated to reconstructing and analysing phvlogenetic relationships between molecular
SeqUEnces. ]

: Phylogeny.fr runs and connects various bioinformatics programs to reconstruct a robust phylogenetic tree from a set of sequences.

If vou use this site, please cite:

: B Dereeper A., Guignon V., Blanc G., Audic 5., Buffet 5., Chevenet F., Dufayard J.-F., Guindon 5., Lefort V., Lescot M., :
¢ Claverie J.-M., Gascuel O. Phylogeny.fr: robust phylogenetic analysis for the non-specialist Nucleic Acids Research. 2008 Jul 1; 36 :
(Web Server Issue):W465-9. Epub 2008 Apr 19. (PubMed) 1
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https://www.phylogeny.fr/

Phylogeny.fr (2)

@ Phylogeny analysis

Paste vour set of sequences and let the software make decisions on your behalf (Each step is optimized for your data).

"Advanced"
Manually set parameters for the various steps.

"Ala Carte"
Create vour own phylogeny workflow using more programs available.

@ Explore your sequence neighbors
Paste vour single sequence, run Blast and explore its homologous sequences.

@ Online phylogeny programs

Direct access to the individual tools available on this server.

Multiple Alignment: Phylogeny: Tree viewers: Utilities:
MUSCLE PhyML TreeDyn Ghblocks
T-Coffee / 3D-Coffee TNT Drawgram Jalview
ClustalW BioNT Drawtres Readseq
ProbCons MrBayes ATV Format converter

This project is findad by the Raseas National des Genopolas (RNG).

Thiz project is mensead in & GForEz project, which zims to help collsborstion and devalopment mensrement (sing Subversion).

G E.55 Faad | Mziling-list n'.‘aIn’.‘a Mentions lagalas

_— )
& > Narseille - Hice genopole® @
"% depaniel &g froahines - -
13
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Building your tree locally: SeaView

SeaView

Version 4.3.5

NEW: seaview computes and draws parsimony, distance and PhyML phylogenetic trees.
NEW: seaview prints trees and outputs them in scalable vector graphics (SVG) format.
NEW: seaview drives the Gblocks program to select blocks of conserved sites.

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.
» ScaView drives programs muscle or clustalw 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
o parsimony, using PHYLIP's dnapars/protpars algorithm,
o distance, with NT or BioNT algorithms on a variety of evolutionary distances,
o maximum likelihood, driving program PhyML 3.0.
» ScaView prints and draws phylogenetic trees on screen, SVG, PDF or PostScript 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

e 6 Linux on PC
el MacOS X | 64 pit Linux on x86

'II T
A5 MS Windows

self-extractible archive

Of L] VLt J. L. CTLuwvail e



Interpretacao

 Arvores sdo apenas hipdteses
e GIGO: garbage in, garbage out

e Os métodos em geral (menos distancia) fornecem uma arvore
com nota (score)
— Parcimonia: numero minimo de mutacoes
— ML: valor da verossimilhanca logaritmica
— Bayesiano: probabilidade posterior

e A arvore de melhor nota pode nao ser a arvore “verdadeira”

e Para avaliar a qualidade da arvore
— Confiabilidade de sua topologia

8/14/2024 J. C. Setubal 15



Topologia das arvores

Uma arvore é uma forma de relacionar as folhas (nds
externos) e os nos internos

Usamos o termo topologia para nos referirmos a
estrutura da arvore (quais sao os grupos, subgrupos,
supergrupos de nods), ignorando os comprimentos
dos ramos

E comum que o termo clado seja usado para
designar um subgrupo na arvore

Obtida uma arvore, como saber se sua topologia é
confiavel?



Confiabilidade da topologia

Valores de bootstrap

Colunas do AM sao amostradas aleatoriamente em varias
corridas (replicatas; geralmente entre 100 e 1000)

Arvores resultantes s3o comparadas entre si

Concordancias nos clados sao calculadas, resultando em
numero de vezes (ou %) que clados se repetem nas replicatas

Valores bons sao considerados aqueles maiores do que 0.7
(70%)

Custosos para calcular

PhyML fornece valores aproximados de bootstrap (ALRT)
muito mais rapidamente



Exemplo de arvores com bootstrap

ralz 2i7

85 64



Como lidar com todas essas incertezas?

 Aprenda mais sobre evolucao e inferéncia
filogenética

e Se a filogenia é crucial para seus resultados

— Use mais de um meétodo!



Supermatrizes

Método bom para obter arvores robustas de espécies quando
genomas completos ou quase completos estao disponiveis

Determinar familias de proteinas para os genomas de
interesse

Determinar quais familias tem exatamente um representante
de cada genoma (single-copy genes)

AM para cada familia
Concatenar todos os AMs (“a supermatriz”)
Construir arvore com base no AM concatenado

Foi usando esse método que foi construida a arvore da vida
do proximo slide



Nanoarch
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e 30 ;130 Euryarchaeota
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_ Metazoa

bacteria

; sl
y-proteo- : s . ; qu\!"

E-proteo-
acteria

o-proteo- _ e s gl ' e : ~ ﬂ%ﬁs
s B, : ooy

bacteria

o-proteobacteria
Acidobacteria
Cyanobacteria
Deinococcales
Chloroflexi

Planctomycetes
Spirochaetes

Aguificae o Actincbacteria
Thermotogae £ 7 = Fibrobacteres
Fusobacteria ; ) Chlorobi

Chlamydiae / - Bacteroidetes



No proximo slide ha um outro
exemplo de uso da técnica de
supermatrizes, neste caso para
construir uma arvore apenas de
bactérias
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Eisen & Wu, Genome
Biology, 2008
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Problemas de supermatrizes

e Diferentes genes tem diferentes taxas de
evolucao
* Long branch attraction

— Ramos longos (muitas mutacdes) tendem a ficar
artificialmente proximos uns dos outros (e
proximos da raiz)

— Resultado: topologia errada

 HGT insuspeita sempre vai introduzir erros



Proximo slide: exemplo recente de arvore de
bactérias e arquéias

Exercicio: compare essa arvore com a arvore de Wu e Eisen do slide anterior



nature communications

Explore our content Vv Journal information Vv

nature > nature communications > articles » article

Article | Open Access | Published: 02 December 2019

Phylogenomics 0f 10,575 genomes reveals
evolutionary proximity between domains Bacteria
and Archaea

Qiyun Zhu, Uyen Mai, [...] Rob Knight

Nature Communications 10, Article number: 5477 (2019) | Cite this article
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Transferéncia Horizontal de Genes

 Material genético é passado de uma célula
(doadora) para outra (receptora)

O doador pode ser completamente diferente
do receptor

e Exemplo: bactérias e humanos

8/14/2024 J. C. Setubal
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Exemplo de HGT

B

8/14/2024 J. C. Setubal

Fonte: NY Times, 24-set-2015 -



Fungos e queljos

Fabricacao de queijos depende da acao de
fungos

Roquefort

— Penicillium roqueforti

Camembert

— P. camemberti

Esses fungos vem sendo selecionados e
cultivados ha séculos



Resultado recente

Ao comparar diferentes espécies de fungos
usados em queijos, descobriu-se
— Multiple Recent Horizontal Gene Transfers

between Distant Penicillium Species, Flanked by
Specific Retrotransposons



Please cite this aricle in press as: Ropars et al, Adaptive Horzontal Gene Transfers between Multiple Cheese-Associated Fungi, Current Biology
(2015), httpc//dx.doi.org/10.1016/.cub.2015.08.025
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Transferéncia Horizontal de Genes

* Atrapalha a construcao de arvores de espécies
e Como detectar?

e THG antiga

* THG recente

8/14/2024 J. C. Setubal 33



THG antiga

* Incongruéncia de arvores

— Quando a arvore de um gene difere da arvore
(robusta) de espécies
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THG recente

* Incongruéncia de arvores
e Outros métodos

— Desvios na composicao (%GC, dinucleotideos, uso
de codons) da sequéncia em relacao a média

— llhas genbmicas



00000000000000000000000

Variacao do %GC no cromossomo principal de Brucella ovis ATCC25840

////////////////////



Azotobacter vinelandii anomalous regions (Alien_hunter threshold: 13.020)
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54 anomalous regions found



Redes filogendmicas

e Redes que mostram compartilhamento de genes

Genoma A compartilha 65 genes com genoma B

65
A B

A superposicao de uma arvore de espeéecies numa tal
rede mostra possiveis eventos de transferéncia
horizontal



Uma rede filogendmica

Betaproteobacteria

Milmmsamonasdala '_:.";-__
Hipdrogenophilales
Melthlophdalaes

Kloesges et al, Molecular Biology and Evolution, 2011



A

Alphaproteobacteria

Rhizobales

HE‘",

T iy R S——

HEhodaobacterales

Kloesges et al, Molecular Biology and Evolution, 2011



Highways of obligate gene transfer within and among phyla and divisions of prokaryotes,
based on analysis of the 22,348 protein trees for which a minimal edit path could be resolved.
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Substituicoes sindbnimas e nao-sindbnimas

Cddigo genético é degenerado

Glicina: GGA, GGC, GGG, GGU

Mutacao na terceira base nao altera o aminoacido
— Sinbnima (silenciosa)

Mutacao na primeira base altera o aminoacido

— Nao-sindbnima



Razao Ka/Ks

Ka/Ks ou dN/dS

Razao entre o numero de subs. nao-sinbnimas (Ka) e o
numero de subs. sinbnimas (Ks)

Usado para inferir a direcao e magnitude de selecao natural
agindo em genes codificadores de proteinas

Ka/Ks > 1: selecao positiva ou Darwiniana
Ka/Ks < 1: selecao purificadora ou estabilizadora
Ka/Ks = 1: ndo ha selecao (neutra)



Para calcular Ka/Ks

e Hurst, L. (2002). "The Ka/Ks ratio: diagnosing
the form of sequence evolution". Trends in
Genetics 18: 486—489

e http://services.cbu.uib.no/tools/kaks



http://services.cbu.uib.no/tools/kaks

Para saber mais

Yang e Rannala. Molecular phylogenetics: principles
and practice. Nature Reviews Genetics, 13:303-314,
2012

Bioinformatics. Baxevanis and Ouellette (Eds.) Wiley-
Interscience, 2005 (3'¥ edition), ch. 14

D. Mount. Bioinformatics. CSHL Press, 2004 (2"
edition), ch. 7

The phylogenetic handbook. Lemey, Salemi and
Vandamme (Eds.) Cambridge University Press, 2009
(2nd edition)
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Nature explores the most -cited research of all time.

BY RICHARD VAN HOORDEN.
BREMDAN MAHER AND REGINA NUZZO

he discovery of high-temperature

superconductors, the determina-

tion of DNA% double-helix strue-

ture, the first observations that the
expansion of the Universe is accelerating — all
of these breakthroughs won Nobel prizes and
international acelaim. Yet none of the papers
that announced them comes anywhere close
to ranking among the 100 most highly cited
papers of all time.

whiah nwasmamas cafous ba sne

of carbon nanotubes (number 36) are indeed
classic discoveries. But the vast majority
describe experimental methods or software
that have become essential in their fields.

The most cited work in history, for example,
isa 1951 paper’ describing an assay to deter-
mine the amount of protein in a solution. It
has now gathered more than 305,000 cita-
tions — a recognition that always puzzled
its lead author, the late US biochemist Oli-
weam T mvoranr %4 1""‘“'“"‘.1".“\‘.:‘.”5&-'!(‘01‘1&:’ o

to other scientists what kind of wo
doing”™ Another common practice ii
ensures that truly foundational d
ies — Einstein’s special theory of r
for instance — get fewer citations t
might deserve: they are so important
quickly enter the textbooks or are incc
into the main text of papers as terms
so familiar that they do not need a cit

Citation counts are riddled with ol
founding factors. The volume of cita
increased, for example — yetolder pa
had more time to acerue citations.
tend to cite one another’s work more fi
than, say, physicists. And not all fields
the same number of publications. Mo
liometricians therefore recoil from m
crude as simply counting citations w
want to measure a paper’s value: inst
prefer to compare counts for papers ¢
age, and in comparable fields.

Nor is Thomson Reuters' list the o
ing system available. Google Scholar
its own top- 100 list for Nature. It is|
many mote citations becanse the sear
culls references from a much greater (
poorly characterized) literature base, i
from alarge range of books. In that |
able at www.nature com/topl00, ec
papers have more prominence. Goog
ar's list also features books, which T
Reuters did not analyse. But among th
papers, many of the same titles show

Yet even with all the caveats, the ¢
ioned hall of fame still has value. If
else, it serves asa reminder of the nan
entific knowledge. To make exciting :
researchers rely on relatively unsung
describe experimental methods, datal
software.

Here Nature tours some of the key
that tens of thousands of citations hav
to the top of science’s Kilimanjaro —

kst mamaler thcannt Jasa tlhn Mo aliadas
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Papers de bioinformatica: numero
de citacoes (2014)
10) clustalW: 40289
12) blast1: 38380
14) blast2: 36410
20) NJ: 30176
28) clustalX: 24098
41) bootstrap: 21373
45) MEGA: 18286

76) modelTest: 14099
100) MrBayes: 12209
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