“Thus, from the war of nature, from famine and death, the most
exalted object which we are copable of conceiving, namely, the
production of the higher animals, directly follows. There is
grandeur in this view of life, with its several powers, having been
originally breathed into a few forms or into one; and that, whilst
this planet has gone cycling on according to the fixed law of
gravity, from so simple a beginning endless forms most beautiful
and most wonderful have been, and are being, evolved.”

Charles Darwin, 1859

“Nothing in Biology makes sense except in the light of Evolution.”
Theodosius Dobzhansky, 1973
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Filogenia...

..nada mais é que tentar estimar, usando dados
de hoje, o passado das linhagens de organismos,
mostrando suas relag¢des “genealdgicas” em uma
arvore filogenética
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Filogenia...

100 Xenopus salina
—:Anemt}l salina
100 Achlya bisexualis
= Ochromonas danica
Oxytricha nova
Crypthecodinium cohnii

Acanthamoeba castellanii
59 Chlorella vulgaris

Saccharomyces cerevisiae

Gracilaria lemaneiformis

Dictyostelium discoideum

Entamoeba histolytica

100 Naegleria gruberi

— 100 97 Tetramitus rostratus

L Paratetramitus Jugosus
Vahlkampfia lobospinosa

Physarum polycephalum

100 I Euglena gracilis

Trypanosoma brucei

58

Tritrichomonas foetus
[ Thermoplasma acidophilum

100

Escherichia coli
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Descent with modification...

Survival of the fittest...

Differential reproduction...

Tree of Life...
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Terminologia basica

No internof

'No terminal

(ancestral hipotético)




Roots, bloody roots

Arvore nao-enraizada
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Tempo

Arvore enraizada
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Rooted tree 1
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The number of evolutionary trees (Joseph Felsenstein, 1978)

numero de organismos

numero de arvores enraizadas

2 1 (109
3 3 (109
4 15 (10%)
5 105 (102)
6 945 (10°)
7 10.395 (10%)
8 135.135 (10°)
9 2.027.025 (10¢)
10 34.459.425 (107)
11 654.729.075 (108)
12 13.749.310.575 (10%9)
13 316.234.143.225 (10%%)
14 7.905.853.580.625 (10%?)
15 213.458.046.676.875 (10%%)
16 6.190.283.353.629.375 (10%°)
17 191.898.783.962.510.625 (10%7)
18 6.332.659.870.762.850.625 (10'8)
19 221.643.095.476.699.771.875 (102%°)
20 8.200.794.532.637.891.559.375 (10%*)
21 319.830.986.772.877.770.815.625 (10%3)
22 13.113.070.457.687.988.603.440.625 (102°)
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(bindrias apenas, essa nem é uma
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Bootstrap




Bootstrap

Medida de robustés estatistica
dos grupos inferidos na arvore,
com certos dados e
metodologia.




Bootstrap

68 — C. fasciculata parasitic (insects) e
97 H. roitmani parasitic (insects) T
100 —— H. muscarum parasitic (insects) rypar-m-
. somatina
88 P. serpens parasitic (insects/plants)
— 1. cruzi parasitic (insects!mammals)_/
54 T. borreli parasitic (leeches/fish) ™
100 C. bullocki parasitic (leeches/fish)
97 80 . .
90 C. catostomi parasitic (leeches/fish)
™ C. salmositica parasitic (leeches/fish)
100 B. sorokini free-living
C. helicis parasitic (snails)
99 100 P. nitrophilus free-living
| — B. caudatus free-living
96 92 .
- 71 B. saltans K free-living :
- Bodonina
B. saltans P free-living
& Bodo sp. (cf. uncinatus) free-living
100 [ D. trypaniformis Ulm commensal (termites)
D. trypaniformis Glasgow free-living
D. mimosa free-living
“Rhynchobodo” sp. free-living
B. designis free-living
_ C. marina free-living/commensal (sea squirts)

0.01 substitutions/site _J
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Pergunta!

Quem é mais préximo,

filogeneticamente, de A?

Passado




Homologia e...

.. resultado de heranca
a partir de um ancestral comum




Homologia segundo Richard Owen, 1843

Homdlogo:

Analogia:

O mesmo orgao, mesmo em diferentes
variedades de forma e fungdo

(correspondéncia real ou em essénciq)

similaridade superficial ou enganosa

Richard Owen, 1843




Depois de Darwin...

“The natural system is based upon descent with
modification (...) the characters that naturalists

consider as showing true affinity (i.e. homologies)
are those which have been inherited from a

common parent, angd, in so far as all true
classification is genealogical; that community of
descent is the common bond that naturalists have

been seeking.”
Charles Darwin, 1859 ..




Homologia e...

.. resultado de heranca
a partir de um ancestral comum




Homologia NAO é...

AnOlOQIO (ou homoplasia, convergéncia, paralelismo, etc.), que é SlmllOrldOde
resultante de pressdo seletiva para uma fungao.




Por que homologia é importante?

Vocé esta
aqui!




Por que homologia é importante?

Pergunta:
As asas de morcegos, insetos e aves

sao homologas entre si?

Asas Sem asas Asas

Figure 19-2a Genomes 3 (© Garland Science 2007)




Por que homologia é importante?

Pergunta:
As asas de morcegos, insetos e aves

sao homologas entre si?

Outra pergunta:

E s6 as de morcegos e aves?

Asas Sem asas Asas

Figure 19-2a Genomes 3 (© Garland Science 2007)




Por que homologia e importante?

Similaridade Homologia
Besouro Besouro
Borboleta Borboleta
Elefante Elefante
Lagarto Galinha
Jacare Jacare

Galinha Lagarto
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Anos 1960: filogenia molecular

J. Theoret. Biol. (1965) 8, 357-366

Molecules as Documents of Evolutionary History
EMILE ZUCKEREANDL AND LINus PAULING

Gates and Crellin Laboratories of Chemistry,
California Institute of Technology, Pasadena, California, U.5.A.

( Received 17 Sepiember 1964)

Different types of molecules are discussed in relation to their fitness for
providing the basis for a molecular phylogeny. Best fit are the
“semantides”, ie. the different types of macromolecules that carry the
genetic information or a very extensive translation thereof. The fact that
more than one coding triplet may code for a given amino acid residue in a
polypeptide leads to the notion of “isosemantic substitutions™ in genic
and messenger polynucleotides. Such substitutions lead to differences in
nucleotide sequence that are not expressed by differences in amino acid
sequence. Some possible consequences of isosemanticism are discussed.

Construction of Phylogenetic Trees

A method based on mutation distances as estimated
from cytochrome c sequences is of general applicability.

Walter M. Fitch and Emanuel Margoliash

Biochemists have attempted to use
quantitative estimates of variance
between substances obtained from
different species to construct phyloe-
genetic trees. Examples of this ap-
proach include studies of the degree
of interspecific hybridization of DNA
(1), the degree of cross reactivity of
antisera to purified proteins (2), the
number of differences in the peptides
from enzymic digests of purified homol-

20 JANUARY 1967

ogous proleins, both as estimated by
paper electrophoresis-chromatography
or column chromatography and as es-
timated from the amino acid composi-
tions of the proteins (3), and the
number of amino acid replacements
between homologous proteins whose
complete primary structures had been
determined (4). These methods have
not been completely satisfactory because
(i) the portion of the genome examined

Fitch, W. M. & Margoliash, E. Construction of

2uckerkandl . & Pauling, L. Molecules os ohylogenetic trees. Science 155, 279-284 (1967).

documents of evolutionary history. J. Theor.
Biol. 8, 357-366 (1965).
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Molecules as documents
of evolutionary history

“We may ask the question where in the now living systems
the greatest amount of information of their past history
has survived and how it can be extracted”

“‘Best fit are the different types of macromolecules

(sequences) which carry the genetic information”

Zuckerkandl & Pauling, 1965
Journal of Theoretical Biology, 8: 357-366.
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Anos 1960: filogenia molecular
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Mb = ¥ B § These methods have
WHALE HUMAN HEMOGLOBINS y satisfactory because

he genome examined

Fig. 2 (left). Phylogeny as reconstructed from observable muta-

tions in the cytochrome ¢ gene. Each number on the figure is the

corrected mutation distance (see text) along the line of de-

scent as determined from the best computer fit so far found. ON Of
Each apex is placed at an ordinate value representing the aver-

lIF of the sums of all mutations in the lines of descent from (]967)
that apex.

AVERAGE MINIMAL MUTATION DISTANCES
o 3
T .

Fig. 3 (right above). A gene phylogeny as reconstructed from
observable mutations in several heme-containing globins. See
Fig. 2 for details. The percent “standard deviation™ (7) for
this tree is 1.33,




...AAT CGC TTC GAT CGA TTA GCT AAA TGC TCG GAT CGA AC...

...AAA CGC CCC GAT CGG TTA GCT AAA TGC TCG GAG GAT CGA AC..

...AAT CGC CCC GAT CGA TTC GCT AAA TGC --G GAT CGA AC...

...A--— CGC TTC AGC TAG TTA GCT AGA TGC TCG GAT CGA AC...

...AAT CGC TTC GAC CGA TTA GCT AGA TGC TCG GAT CGA AC...

...AAT CGC TTC GAT CGA TTA GCA TCT AAA TGC TCG GAT CGA AC...

.. .AAT CGC TTC GGG CGA TTA GCA TCT AAA TGC TCG GAT CGA AC...
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Homologia: alinhamento

Colocar todos residuos homologos
na mesma coluna
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Colocar todos residuos homélogos na mesma coluna

1 5 10 15 20 25 30 35 40
1 GCATTACTTTCGGTAGCGCGGAAAGGCGACGGGACTTATA




NUNCA

fale em porcentagem de homologial

N

RIP

(ou algo do tipo)

Y

'&




Homologia NAO é... similaridade ou identidade

O que se quer dizer geralmente & IDENTIDADE

(ou as vezes similaridade)

Alids: falta de similaridade

nem sempre é falta de homologial
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Alguns problemas com a filogenia de um sé marcador

« O gene tem de refletir o organismo, mas nem sempre isso acontece
« Perda diferenciada de membros de uma familia génica ancestral

« Falhas na amostragem (técnica)

« Muitos genes sGo muito curtos para dar suporte estatistico

significativo a suas filogenias

|

Incongruéncia




Genomas

CTAGCTAACTCOATAAATATQA
T CTCTAGAGCAECACTAGCAT
TATCGATCG TCca TCaT
AGCTCOATCGTTTAGCTA

T TCGATACCACAGATACT

C COAGTATCOG TTATA
ICGCACTAGCTAGATOCATC

T TAGCTAUCTTCTTCGAC
TCTA -ACTAGAGATCGATT



Haemophilus influenzae Rd KW20



www.genomesonline.org

\YAN\YZANYZANV/AN\V/ANY/ANV/ANV/ANV/ANV/ANV/A\
37.687 .......
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Eukarya: 5.491
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Filogenomica




Alignment-free

ANNOTATED GENOMES Otu et al. (52)
Qi et al. (56)

Gene QOrder

Korbel et al.(41) HOMOLOGY RELATIONS
Walf et al, (73)

| . Wealf et al, (73)
HOMOLOGOUS GROUPS

Gene Content ORTHOLOGOUS GROUPS |

Fitz-Gibbon and House (23)
Tekaia et al. (&7)
Yang et al. (74)

Clarke et al. (13)
Huson and Steel (34)
Korbel et al. (41)
Snel et al. (62)

Wolf et al. (73)

1:1 & UBIQUITOUS FAMILIES

Phylogenomics
Brown et al. (9) Daubin et al. (14)
Lerat et al. (43)
Rokas et al. (58)
Wolf et al. (73)
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100

C crescentus NA1000
10 vitis $4

Rhodobacter sphaeroides KD131

Xylella fastidiosa 9a5¢

Yersinia pestis Pestoides F

w0 Lutiella nitroferrum 2002
100 IE:momobaczenum violaceum ATCC 12472
Laribacter hongkongensis HLHK9

100

Eikenella corrodens ATCC 23834
Kingella oralis ATCC 51147

100 Simonsiella muelleri ATCC 29453
ml—ggeﬁa kingae ATCC 23330
Kingella denitrificans ATCC 33394
Neisseria oral taxon 014 F0314
oo Neisseria macacae ATCC 33926
Neisseria sicca ATCC 29256
:7[[Nelssena subflava NJ9703
10

Neisseria mucosa G102
Neisseria flavescens SK114
Neisseria cinerea ATCC 14685
w|, - Neisseria polysaccharea ATCC 43768
w/Neisseria gonorrhoeae FA 1090
16| - Neisseria meningitidis MC58

Neisseria lactamica ST-640

Nesseria bacillformis ATCC BAA-1200
Neisseria elongata glycolytica ATCC 29315
Nitrosospira multiformis ATCC 25196

o Nitrosomonas sp. AL212
ﬂrcsomanas sp. Is7T9A3
Nitrosomonas europaea ATCC 19718
Nitrosomonas eutropha C91
00— Sideroxydans lithotrophicus ES 1

Gallionella ES-2

bacterium HTCC2181
Beta proteobacterium KB13

Methylotenera sp. 301

Methylotenera mobilis JLW8

Methylovorus sp. SIP3-4

Methylobacilus flagellatus KT

Thiobacillus denitrificans ATCC 25259

STIR1

Alphaproteobacteria

Gammaproteobacteria

Neisseriaceae

Nitrosomonadaceae

| Gallionelllaceae
Methylophilaceae

| Hydrogenophilaceae

Burkholderia rhizoxinica HKI 454
Burkholderia phymatum STM815
0| |~ Burkholderia graminis CAD1M

rBurkholderia xenovorans LB40O
o UBurkholderia phytofirmans PsJN
Burkholderia sp. CCGE1002
Burkholderia gladioli BSR3
Burkholderia glumae BGR1
of Burkholderia thailandensis E264

Burkholderia pseudomallei 1106a
Blrkholderia mallei ATCC 23344
L Burkholderia oklahomensis C6786
Burkholderia ubonensis Bu
- Burkholderia multivorans ATCC 17616

Burkholderia dolosa AUO158
- Burkholderia cenocepacia J2315
“Burkholderia sp. 383
Burkholderia vietnamiensis G4
Burkholderia ambifaria AMMD
00— Ralstonia pickettii 12

o Ralstonia solanacearum GMI1000

Cupriavidus metallidurans CH34

Ralstonia eutropha JMP134
|- Cupriaius taiwanensis
9L Gupriavidus necator N 1

Herbaspirillum seropedicac SmR1
Collimonas fungivorans Ter331
Oxalobacteraceae bacterium IMCC9480
Janthinobacterium sp. Marssille
Herminimonas arsenicoxydans

Candidatus Tremblaya princeps PCIT

Oxaloba HOXBLS
o Methylibium petroleiphilum PM1
Leptothrix cholodnii SP-6
Rubrivivax benzoatilyticus JA2
Hylemonella gracilis ATCC 19624

Ramlibacter tataouinensis TTB310
Rhodoferax ferrireducens T118
Polaromonas sp. JS666
Polaromonas naphthalenivorans CJ2
Verminephrobacter eiseniae EF01-2
Acidovorax delafieldii 2AN uid55645
Acidovorax avenae ATCC 19860

100

Alicycliphilus denitrificans BC

100 Acidovorax sp. JS42

Acidovorax ebreus TPSY

Comamonas testosteroni CNB-2
|Deitia acidovorans SPH-1

Delftia sp. Cs1 4

Variovorax paradoxus EPS

Thiomonas intermedia K12

Lautropia mirabilis ATCC 51599

Sutterella 31458
100 | bacterium 1147
| Parasutterella excrementihominis YIT 11859
nobacter sp. MED105
Taylorella MCE9
oo Candidatus Kinetoplastibacterium oncopeltii

Candidatus Kinetoplastibacterium galatii
Pusilimonas sp. T7 7
Bordetella avium 197N
59 Bordetella bronchiseptica RBS0
19 ) Bordetella parapertussis 12822
Bordetella pertussis Tohama |
Achromobacter xylosoxidans A8
Achromobacter piechaudii ATCC 43553
Bordetella petrii DSM 12804
Methyloversatilis universalis FAMS
Aromatoleum aromaticum EbN1
Thauera sp. MZ1T
Azoarcus sp. BHT2
Dechloromonas aromatica RCB
andidatus.

phosphatis clade 1A str. UW-1

Candidatus Zinderia insecticola CARI

seadeusployying

Oxalobacteraceae

Burkholderiales
incertae sedis

Comamonadaceae

Burkholderiales incertae sedis
| Burkholderiaceae

Sutterellaceae
Burkholderiaceae

Alcaligenaceae

Rhodocyclaceae
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