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|. Qu’est-ce qu’'un Eucaryote ?
2. Quelle est la diversite des Eucaryotes !

3. Quelles sont les relations de parente
entre les grands groupes d’Eucaryotes !

4. D’ou viennent les Eucaryotes ?



Qu’est-ce qu'un Eucaryote ?



Eukaryotic Cells

St 55 définition ultrastructurale :
. G organelles specifiques

* noyau (I)

* nucleole (2)

e RE (5,8)

* Golgi (6)

e centriole(s) (13)

* mitochondrie(s) (9)
* chloroplaste(s)

Capsule

Ribosomes
Plasmid

Bacterial Flagellum
Nucleoid (circular DNA)

http://en.wikipedia.org/
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Simple diagram of transcription, splicing and translation
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A eukaryotic gene is arranged in a patchwork
of coding (exons) and non-coding sequences (introns).

Introns are eliminated while exons are spliced together
to yield the mature mRNA used for protein synthesis.

http://reflexions.ulg.ac.be/
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In many Eukaryotes, almost all genes can lead to different
proteins through a process termed alternative splicing.

http://reflexions.ulg.ac.be/



http://reflexions.ulg.ac.be
http://reflexions.ulg.ac.be

Endosymbiotic Organelles

\\Eukawotes ' Plants

L n n M ar’ u I IS Early diversification of \ Or|g|n of

y g algal/plant lineages and plastids
N gene transfer to the host

Ancient

protozoon

Early diversification of
eukaryotic lineages and
gene transfer to the host

origines endosymbiotiques de la
mitochondrie et du chloroplaste @

- cyanobacterium ) <
e - "/h Origin of mitochondria
\|\ ra

Ancient The ho@

proteobacterium that acquired
mitochondria
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Cyanobacteria Proteobacteria Archaebacteria

Timmis et al. (2004) Nat Rev Genet 5:123-135



Gene code Protein function

accA,B,D Acetyl-CoA carboxylase

acpP Acyl carrier protein

apcA,B,D,E.F Allophycocyanin phycobilisome

argB Acetylglutamate kinase

atpA,B,D,E,I,G,H,I ATP synthase

bas1 Thiol-specific antioxidant protein

bioY Biotin synthase

carA Carbamoyl phosphate synthetase

cbbX Red type Calvin cycle operon

cesA Heme attachment to plastid cytochrome ¢

cemA Envelope membrane protein

chiB,LL, N Protochlorophyllide reductase

cpC/ P Caseinolytic-like protease (Clp)

cpcA,B,G Phycocyanin phycobilisome

cpeA,B Phycoerythrin

crtle Geranylgeranyl pyrophosphate synthetase

cysA, T Probable transport proteins

dfr Drug sensory protein

dnaB DNA-replication helicase

dnaK Hsp 70-type chaperone

dsbD Thiol:disulfide interchange protein

JabH B-Ketoacyl-acyl carrier protein synthase II1

fdx 2[4Fe-4S] ferredoxin

firB Ferredoxin-thioredoxin reductase

fisHW Division proteins

ginB Nitrogen regulatory protein

gitB Glutamate synthase (GOGAT)

groELES Chaperonins 60 and 10 kDa

hemA 5-Aminolevulinic acid synthase

hisH Histidinol-phosphate aminotransferase

I-Coul DNA endonuclease

ilvB,H Acetohydroxyacid synthase

infA,B,C Translational initiation factors

minD,E Homologues of bacterial cell division
regulators

mntA,B Manganese transport system proteins

moeB Molybdopterin biosynthesis protein

nadA Quinolinate synthase

nblA Phycobilisome degradation protein

ndhA-f NADH-plastoquinone oxidoreductase

ndhK NADH-ubiquinone oxidoreductase

nicA Global nitrogen transcriptional regulator

odpA,B Pyruvate dehydrogenase E1 component

pbsA Heme oxygenase

petA,B,D,F,G,[,L,M Photosystem electron transport proteins

pgmA Phosphoglycerate mutase

preA Prenyl transferase

psaA-M PSI proteins

psbA-X PSII proteins

rbcLg/r RUBISCO large subunit, green and red forms

rhcR RUBISCO operon transcriptional
regulator

rbeSg/r RUBISCO small subunit, green and red forms

rdpO Probable reverse transcriptase

ne RNAseE

rpll-36 Large subunit ribosomal proteins

rpoA,B,C1,C2 RNA polymerase

rps1-20 Small subunit ribosomal proteins

secA,Y Preprotein-translocase

syfB Phenylalanine tRNA synthetase

syh Histidine tRNA synthetase

thiG Thiamine biosynthesis

trpA Tryptophane synthase

rpG Anthranilate synthase, glutamine
amidotransferase

trxA Thioredoxin

tsf Translational elongation factor Ts

tufA Translational elongation factor Tu

upp Uracil phosphoribosyltransferase

yef Hypothetical proteins

Genome Reduction

Il Chloroplast genome reduction
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Lineage diversification

Timmis et al. (2004) Nat Rev Genet 5:123-135; Grzebyk et al. (2003) | Phycol 39:259-267



Endosymbiotic Gene Transfer

Proteobacterium-like
endosymbiotic ancestor

Mitochondrion

Organelle
DNA

Organelle

BillMartin  EEAN EEREEErE

relocalisation dans le noyau
des genes encodes dans les
organelles endosymbiotiques

Cyanobacterium-like
endosymbiotic ancestor

Timmis et al. (2004) Nat Rev Genet 5:123-135



Woese’s Tree of Life

SSU rRNA (165/18S)

. EUKARYOTES
EUBACTERIA rimgls - ctiates v B

y Gram- . reen / plants " ;f )’
o P | on-sulf Y
e, : ' b':':;:r?a i':‘r‘;: "b:;t:tse“riaur 22
! Y o e e f , . o flogellates
| cyanobacteria d eﬁ N Itl @) N
.' flavobacteria 2 AP
'5.. i D hYI Oge n etl q u e
ezl Y F . " ) microsporidia
1 Thermotogo

3 domaines
|. Archaea
2. Bacteria
3. Eukarya

] | ]

L
ext -
ho,l‘o;?\'i?:s methanogens extreme thermophiles

ARCHAEBACTERIA

Carl Woese
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Quelle est la diversité
des Eucaryotes ?
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Eukaryotic Diversity

Excavates

?
. Eucarya

8

)
, Holozoa o
R ——

Alveolates

Bacteria Archaea Walker et al. (201 1) Parasitology 138:1638-1663



Blepharisma americanum

Stylonychia pustulata
Tetrahymena pyriformis
DH148-5-EKD6

1 AIIO,DII roides haemophila ili
00 Y 147 > CI|IateS
50

Microsporidia
] Diplomonadida
Pseudoplatyophrya nana |
100 Colpoda inflata

Trichomonadida
Apicomplexa Alveolates

DH148-5-EKD18
DH147-EKD19 —
DH145-EKD20
DH147-EKD20

Physarum polycephalum
80 —  DH148-EKB1 .
| 100 . Diplonema papillatum

i 96| [ 95 | Eugl ili

DH148-EKD27 Marine alveolate ug'ena graciis

DH148-EKD14 DH145-EKD11
DH147-EKD3 Group I R

DH147-EKD16 |

DH147-EKD6

| Phreatamoeba balamuthi
DH148-EKD22 Marine alveolate
DH147-EKD18

Entamoeba histolytica

50 Myxozoa

DH145-EKD10 Group I

Perkinsus marinus .
Crypthecodinium cohnii

Dictyostelium discoideum
48 Ammonia beccarii

Noct : t,//Pyrocystis noctiluca S S U r R N A Haplosporldla

octiluca scintillans i

DHocHuca < Dinoflagellates

Gymnodinium mikimotoi = . |

ymbiodinium microadriaticum i

DH147-EKD17 -

Acanthometra sp.- AF063240 Acantharea

Chaunacanthid sp.-218

Chlorarachniophyta

Heteromita globosa - 500 m
Euglypha rotunda

Environmental Surveys

Blastocystis hominis - 2,000 m
Cafeteria roenbergensis

Crown eukaryotes
r— Ulkenia profunda . . - 3,000 m
L———— abyrinthuloides haliotidlis
Labyrinthuloides minuta Labyrinthulids Il 3,000 m (> 5 um)

Schizochytrium minutum

Thraustochytrium multirudimentale ﬂchytnds
DH148-5-EKD53

Developayella elegans

Lagenidium giganteum
Hyphochytrium catenoides

Dictyochophyceae Heterokonts
Bolidophyceae

Centric diatoms
Fragilaria striatula
DH148-5-EKD54

Purificacion

~ B N Lopez-Garcia
EKD54 Pennate diatoms PLR Pacific :
100 - Pseudo-nitzschia pungens — 1

Al e
Ocean ]
Pelagomonas calceolata Ciceam
F Giraudyopsis stellifera

David Moreira

VChrysophyceae

‘acuolaria virescens
@nnochloropsis salina
Fucus gardneri
Haptophyceae
Green plants

Cryptophyta

Cyanophora paradoxa
Acanthamoebidae

Red algae

Hydra littoralis Metazoa
Saccharomyces cerevisiae ————
DH148-5-EKD21 Fungi
Eupenicillium javanicum —

100




Phylum-level Findings (1)

_|-7 DQ222873 North Sea
DQ222876 English Channel

Opistokonts
S S l ' r’ R N A — DQ222877 English Channel
Apusomona ’ 96 — DQ222878 English Channel
100/67/100 » Amoebozoa F I S I I S C G 06~ r EU368039 North Atlantic Slope
’ DQ060525 Arctic Ocean
1001~ M’ Glaucocystophyta MS584-5
- Streptophyta and Chlorophyta Boothbay MS609-66
UCHOGHOD T ——— Y o 77— DQ060524 Arctic Ocean
—_LT: §g%ﬂgﬁi§g“ PT(;UOI'); 52 _.E 60| 81 DQ222872 North Sea
ol b— Ehgmgzyas: s ﬁ 95 29"78584'1 1
100/100/100 RA001219.38 = . agn 98]- EU368038 North Atlantic Slope
LR | prte 3 picobiliphytes |r{T% 051
100/-/- HE"W ?-0%13 PICOBIO1 ° ] EU368037 North Atlantic Slope
Tonee He0004zs 214 2 A %9 ba222879 English Channel
He000803.72 ) & 100

AY426835 Mediterranean coast

100/-L | 100/B8/99 Cryptophyta and Katablepharids MS584-22 Cl
g7~ DQ222880 English Channel
100/100/96 98 DQ222875 North Atlantic
Haptophyta 100
DQ060526 Arctic Ocean
100
100/100/- » Rhodophyta and nucleomorphs
100/80/75 100

DQ222874 North Sea
10085/ | | 63/ \' 100 o8 AB240953 Cryptomonas rostratiformis 2
Heterokonta 100 IW[ AB240952 Cryptomonas ovata %
95 700 |98 L28811 Chilomonas paramecium 6"
Cercozoa 100 [100 1001 AB240955 Cryptomonas paramecium -g_
100 — AB241128 Rhodomonas baltica =
10055 | oov100/100 U03072 Goniomonas | ®
100/75/80 . [ | truncata w
Alveclates/Apicomplexa 100 - AB194980 Leucocryptos marina
97/-/- Neoparamoeba pemaquidensis 100 100 | Environmental sample POVAMDc39 .
Dictyostellium discoideum . . katable P harids
10011001100 [ 100 |o,—— AY919672 Katablepharis remigera
- Physarum polycephalum 57 o .
100 100/88/100 ’ Chiorarachniophyte nucleomorph '— A82.31617 Katablepharis japonica
ONBNTO Oiecicriatat N X70803 Glaucocystis nostochinearum
iscicristates ; -
85/-/- X81901 Gloeochaete wittrockiana glaucophytes
00/-/99 : - —
oo 1 Microsporidians AY823716 Cyanophora paradoxa
el 100/ Parabasilidea 0.1 substitutions/site
| Spironucleus muris

TP Diplomonidae Not et al. (2007) Science 315:253-255; Yoon et al. (201 1) Science 332:714-717



level Findings (2)

Cryptomycota

Phylum-

dnoubino juoxoyisido

ejooAwolpe|oolse|d
so[elpIAYD I
el00AWwolpe|oolse|q _
e100AWwolowWolL) |
£100AWOBAZ _

el00AWoIpIseq

2100AWO02sY snaindind snoseuopy |
1onquies eapiyioqg
B/02130N.4 BIUIJIUOY
eulI02a/ 2a100dAH
easub aypodeubeyy _|T\ 2/
Bsselo elodsoinap
wnyeoydal wnuAyoopeD
solelpAyD

©100AWOBAZ 1

soleplieyda|qouoin

solelpAyD

ejooAwoiswoln)

so[e1eoAwo|ezidg

solebiisewl||ed0aN 1
©100AWOBAZ 1

sajelpLiAyD ‘ds saoAwoibuiley
o wnyebaibbe wnifyosAjod
BJjozoy _ .%%%\mwwms\mwom — -@—
4 LE-OMVINVN —
® ST IHIOVL — g o
o ¥9-INDSA — ~
o ¥2 ¥0601 1 10X
o 1627 S81L A9IT _|
o el o
o (0143 :
o SHAMT m
o yovove "
/6€7S81L_quy m
GOp S8 quiy :
o L2ZINIM ]
® 95-OMVINYN _|_| m
¥002NVe v4d :
o 90 3¥ ¢SHd m
4 inez :
. ySevove "
¢ LIND y0vOve :
9g0.id m LIND J96uls uolbuiysep m
¥€ 2g kAD O — m
eqold guig-9d —] 4 9€/99/1
£'GH
48] | m ZND wals AN
euns 1Y
| J ggAuIOp o0
6002dS.84d
o Swe-vd
4 g 2y ved
nedp
[ ) ©x|3m>>>|>”_ @ _
o 6501 S8} quy A
26,781 >om_ﬂ.0._
o Gwe-gd
o ywe-gd
o swe-|d
® 2r-NHO-OSY R
o 65-NHO-OSH
® ev-NHO-0SY (.
® ewe-2d
¥002Nvegdd
o VNN _ ® '
Lo-LLAMT i @ ZLwg-|d ®
sqoid | @ Bu-id )
¥002NVSAdd W
¥002NvZ+94d
o 82°GHd

a)s Jad suonnyisans g0 06/05/9°0 O 08/08/6°0@
‘ds ejjauny

snoy sejaqns

wnapsesed wnipigaowy
feziezomo eiodsesde)

o
_|

xojduwis elLiesjonn
sipAew ewsposAyd

eO8yj0I0RYdS WhipAydoziyy
1IUOSJBWS BJ[8IpE[o0}Seld — |_|
gjnosnqJe seaAwojly ————— ®

wnynooo snwojbeied
aezAi0 sndoziyy

snuess|sexe|q seaAwoofyd — 2/ _,|T_|I c/ _,|\|4

ejewoue eLiensjji
B8UI00 BI9O0[BD) _ .l_

sipAew obejisn
eaJaulo sisdouldo) —
siw.oj1osip eao|bAreld 7 2/\=/ —
SuUBULIOJOBU Bj[alpISeqo|i4

aquwiod sea/fwoleyooesoziyos
luasuey seoAwoAieqag

8BISINeI99 SadAW0Ieyo0eS
ejeiqelb epipuen)
BSOUdA SI1010SId

-ds wnuiAysopug Mlol_l‘l
-ds gjjenjsmoxemon

wnyeAino wnipiydeiojeAH

‘ds gjjaseydsjqouopyy —

‘ds seofwojuobopsy) ——— ®
siuojoldy snoAjydoiug

8B)asIiNo WNIWS

sipiieqodpusp wnLifyooyoeijeg
snuijeAy seoAwoLifyn
"ds wniewsojooziyy
oBaSSOW SNWOJL)

‘ds seofwousie)

paso. sipoAlydoziyy

wnonoJe Jeafeoiuedu ]

‘ds seoAwojjemod

SIsuaiaqe saoAwelifD

wnJeuel snjoqoipiseg
wnueisyoo.q wnipAydoziyy

200-203

Jones et al. (201 1) Nature 474



Quelles sontdes relations
entre les groupes d Eucaryotes ?



Archezoa vs. ‘Crown’ groups

Archezoa -~ " ” Mycetozoa
P icrosporidia Eualenozoa
7 P = e
/ -
/ - m
/ 5 2 m Heteroloboseans
’ 3 8 S
/ . —
/Parabasalids 30 3 o) . Archamoebae
/ %5 g ® s 8
; A > = 3 & Mycetozoa
| £ Q < ® O
I > S S T & g
> Z ,
! 2 =) € &  Apicomplexans
I Diplomonads g Ciliates
§ o 8
s, q ¢ & Rhodophytes Y
% Q & »
i g L O ‘
Q\Q’Qo*Q ( Brown algae
{3
co® Oomycetes
Achlya

\
|
!
Cryptomonas Cryptophytes |

AN

ea !
_ _ o Chlorophytes 7

Eukaryote root Mitochondrial o, %, '

acquisition > © Animals ;

< /
/ w /
/
Tom Cavalier-Smith ° Fungi /
Prokaryotes

SSU rRNA & elongation factors -

‘Crown’ groups

Cavalier-Smith (1993) Microbiol Rev 57:953-994; Embley & Martin (2006) Nature 440:623-630



What are the Archezoa?

Giardia Trichomonas

prepe g
’ 4

......................

hitp:/www
|

.
} Encephalitozoon
CAIN ’ ' ¢
=4 CbC

SAFER MEALTMIER «pEOPLE™

http:/fwww.dpd.cdc.gov/dpdx

parasites
amitochondriaux

E. bieneusi
E. intestinalis

. . Intracellular development of E, bieneusi and E. intestinalis spores.,
| Giardia AL © © O0 0 O
(ultrastructure simple, R O I o

pas de peroxysomes, ‘ ‘ 4 & S
systeme endomembranaire |

peu développé)

Encephalitozoon intestinalis*

*Development inside parasitophorous vacuole also




Not so Archezoa (I)

CPN60

N Schizosaccharomyces pombe
S

Arabidopsis thaliana
Cucurbita sp.

Homo sapiens
Drosophila meilanogaster

accharomyces cerevisiae

Mitochondria

Dictyostelium discoideum
Euglena gracilis
Trypanosoma brucei

Plasmodium falciparum

B Iy ISP

Entamoeba histolytica

Drosophila melanogaster —_
_53 musculus

\

Andrew Roger

HSP70

Caenorhabditis elegans

—

N Schizosaccharomyces pombe

Saccharomyces cerevisiae

__I

— Trypanosoma cruzi
1 ; ) .
Leishmania major

Vairimorpha necatrix
Encephalitozoon cuniculi
Nosema locustae

Mitochondria

| —

Rhizobium meliloti
Bartonella bacilliformis

Caulobacter crescentus
Rhodobacter sphaeroides

Escherichia coli
—L—E Pseudomonas aeruginosa
i Chromatium vinosum
Neisseria gonorrhoeae
Chlamydia trachomatis
Treponema pallidum

Thermus thermophilus

—
0.1 substitutions/site

Bradyrhizobium japonicum

Trichomonas vaginalis 4
Giardia lamblia

r— Ehrlichia chaffeensis

—— Ehrlichia sp.
Rickettsia tsutsugamushi
Holospora obtusa

o-Proteobacteria

«~-Proteobacteria

:I v-Proteobacteria

— [-Proteobacteria
— Chlamydia

- SRiroc ete
Thermus

'olytomella vuigaris
Ricketisia prowazekii
Ehrlichia sennetsu
—‘E Bradyrhizobium japonicum

Rhodopseudomonas sp.
__|:- Agrobacterium tumefaciens
Rhizobium meliloti
Rhodobacter capsuiatus
Caulobacter crescentus
— Haemophilus ducreyi
Buchnera sp.
Francisella tularensis
Legionella pneumophila
LT Chlamydia trachomatis
Borrelia burgdorferi

| —
0.1 substitutions/site

presence de genes nucleaires d’origine
mitochondriale dans les Archezoa

Trichomonas vaginalis
Eimeria tenella
Pisum sativum
P

a-Proteobacteria

y-Proteobacteria

— Chlamydia
— Spirochete

Roger (1999) Am Nat 154:146-163



Not so Archezoa (2)

. . b c M
mitochondries hydrogenosomes mitosomes
Pyruvate E Pyruvate Pyruvate / Pyruvate \
@ uQ = ) (7 g A\
Cl, Cli, Clil, CIV - 51 kDa
@ PDH  IPFO 24 kDa| PFO Fd PFO Fd bR
- ., M o ", @ HDR CoASH ", @
. £ CoASH Lo Fd~
NADH NAD+ : @ ™) &9
Acetyl-CoA - Acetyl-CoA Acetyl-CoA
co, co, H,
Krebs cycle Hsp60 H
@ Hsp70 PFL MCE PFL 2 ADP NADPH
- O ADHE N a7 _ +P
U ATPSuccinate - @ ASC (j Succinate ASC ACS (ADP) ADHE
E~; Succinyl-CoA 0 STK invI-CoA
STK - Succinate Fumarate ST IHCE ATP Acetate
T - ADP Acetate
ADP - +P, A
+p @ lscUlscS oo Cl, FRD ® IscU, IscS Hsp60
: o
o> - & o~ @ Hep70 Giardia
- RQ j/ ,
Protein import) = &( Protein impoa‘
Krebs cycle and - PFO:  Euglena All except PFL: Trichomonas MCF
complex I, Il,llland 2 HYD:  Nyctotherus PFL: Neocallimastix Entamoeba
IV in most forms = ADHE: Chlamydomonas
= PFL: Chlamydomonas \_ )
- ASC: Trypanosoma

P
[®)

FRD: Fasciola
: Fasciola and Euglena .
Trachipleistophora*

présence d’organelles homologues 2

Cryptosporidium*

aux mitochondries dans les Archezoa

Embley & Martin (2006) Nature 440:623-630



Spathidium sp.
Epidinium sp
Tetrahymena pyriformis

Loxodes striatus
Euplotes vannus

Euplotes aediculatus

N

ot so Archezoa (3)

Condylostoma magnum Alveolates
Stentor coeruleus
Stylonychia lemnae 2
Stylonychia lemnae D
Zosterograptus sp. 87 Drosophila melanogaster
Plasmodium falciparum
Toxoplasma gondii B 100 Caenorhabditis elegans
Chlamydomonas reinhardtii 1 ] Green Al gae 24 Homo sapiens
Chlorella vulgaris
| Zea mays 1 7 Hp Saccharomyces cerevisiae
Zea mays 3 9 Glugea 4
Arabidopsis thaliana 4 plecoglossi
Pisur{n sativ1{11.1 ‘ Plants T U B A 18 ” Trypanosoma cruzi
Anemia phyllitidis 1 Entamoeba histolytica
6 Oryza sativa 1 15
99_| L~ Arabidopsis thaliana 5 Dictyostelium discoideum
Arabidopsis thaliana 1_| 47 Chilorella kessleri
99 [~ Naegleria gruberi :I
_{—— Acrasis rosea Heterlobosea Cryptosporidium parvum E F - 2
w——— Euglena gracilis ,
100 : Lfirshmania donovani Euglenozoa 100 r Trichomonas tenax 1
Trypanosoma cruzi L Trichomonas tenax 2
65 Dictyostelium discoideum _I
——I Entamoeba Giardia lamblia
100 r Physarum polycephalum . histolytica 10%
Physarum polycephalum E Slime Moulds
64 Aspergillus nidulans 1 .
100 -:-—— Neurospora crassa B ° o ° — ° 4 . 4
R ————_y microsporidies = champignons derives
100 Schizophyllum commune B
—_—[———Schizophyllum commune A
61 Pneumocystis carinii Fungi w [~ Homo sapiens
L:Schizosacchammyces pombe 1 35 Caenorhabditis elegans Animals
Schizosaccharmyces pombe 2 Drosophila melanogaster
2 Saccharomyces cerevisiae 1 Schizosaccharomyces pombe
fé-{_—— Encephalitozoon hellem :| . .1 Saccharomyces cerevisiae Fungi
100 Nosema locustae Microsporidia 4 L. .
| Ei Spraguea lophii Vairimorpha necatrix Mi idi 4
100 [ Aspergillus nidulans 2 Nosema locustae lCl’OSpOI’l 12
{ Neurospora crassa A _ R B P I Arabidopsis thaliana Plant +
Haemonchus contortus =] Zg Acanthamoeba castellanii Amoeba
Homo sapiens 70 &2 Bonnemaisonia hamifera
Urechis caupo - Z; Porphyra yezoensis Red algae
Paracentrotus lividus Animals 08 Plasmodium falciparum
Schistosoma mansoni 50 Trichomonas vaginalis
Drosophila melanogaster .
. Trypanosoma brucei
Octopus dopleini . o )
Trichomitus batrachorum ] Parabasalia Giardia ;amblla N -
accharomyces cerevisiae - RPA1  __

|00 —
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Keeling & Doolittle (1996) Mol Biol Evol 13:1297-1305; Hirt et al. (1999) PNAS USA 96:580-585



Long Branch Attraction

Y Z Y Z
q q P < q2
ﬁ
Joe Felsenstein >
surtout en \A% X W X
parcimonie, mais
pas seulement si Y est un outgroup phylogénetiquement eloigné
Y Y
\'A% Z
. , 7 3 W
position artefactuelle y 9
des Archezoa dans
I'arbre de C.Woese Archaea Archaea
i Microspororidia :> L Microsporidia
— Fungi Fungi
Metazoa LBA Metazoa

Felsenstein (1978) Syst Zool 27:401-410; Philippe et al. (2000) Curr Opin Genet Dev 10:596-601|
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Stechmann & Cavalier-Smith (2002) Science 297:89-91; Simpson & Roger (2004) Curr Biol 14:R693-696



Phylogenomics
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Supermatrix Assembly

St S? S3
S1 ACGTCAAG S1 TGG--T S1 CGGACTACGT
So AC-TCCAG S3 AGCTCC S4e ccCcT----GG
S3 AC-TCGAC Sy AGCTCG Ss CGTTCGACGT
St S? S3
S ACGTCAAG TGG--T CGGACTACGT

So AC-TCCAG o

S3 AC-TCGAC AGCTCC
Sy ... .. ... AGCTCG CCCT----GG
S .. . . . ... ... ... CGTTCGACGT

Delsuc et al. (2005) Nat Rev Genet 6:361-375; Criscuolo (2006) Thése de Doctorat



Lack of Resolution
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modifié de Roger & Simpson (2009) Curr Biol 19:R165-7



Issues ()

possible ‘big-bang’ radiation of Eukaryotes
(worsened by phylogenetic artefacts)



Issues (2)

horizontal gene transfer (HGT) due to
« You are what you eat »
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adapted from Elias and Archibald (2009) BioEssays 31:1273-1279



endosymbiose primaire
Plantae

Photosynthetic
Plantae ancestor

Plastid
establlshment

Primary
@ endosymbiosis

Prey
retentlon
% Prey
digestion
Cyanobacteria
(prey) Phagotrophic Plantae ancestor

endosymbiose secondaire
« Chromalveolés »

Cryptophytes

Ancestral
Chromalveolate

@ Red algae

Green
algae

Glaucophyte
algae O
&

Photosynthetic
‘Plantae’ ancestor

Alveolates

Reyes-Prieto et al. (2007) Annu Rev Genet 41:147-168



Secondary host
Primary host

Plastid
progenitor

HGT HGT HGT

Elias and Archibald (2009) BioEssays 31:1273-1279



D’ou viennent les
Eucaryotes ?



Eukaryotic Origins

(A) (B)
Bacteria /m Eucaryotes Bacteria Archea Eucaryotes

(©)

Eucaryotes @

Bacteria /\ Archea

3 main scenarios

(ocs

http://reflexions.ulg.ac.be/
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Chimeric Eukaryotes (I)
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Rivera et al. (1998) PNAS USA 95:6239-6244; Poptsova & Gogarten (2007) BMC Bioinformatics 8:120



Chimeric Eukaryotes (2)

Eukaryote diversification
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Eukaryotic Signature Proteins

|. inventees chez les Eucaryotes
2. tres modifiees chez les Eucaryotes
3. perdues chez les Procaryotes

Er'ldup-EElaﬂ'IIE
reticulum Mitochondrion

Giardia lamblia

_ Peroxisome
Chromatin Lysosome 21 0
74 14 - 42 3

Charles Kurland
Kurland et al. (2006) Science 312:1011-1014



Life Roots
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Delsuc et al. (2005) Nat Rev Genet 6:361-375; Forterre & Philippe (1999) BioEssays 21:871-879

Rivera & Lake (2004) Nature 431:152-155



Secondary Simplification
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Forterre & Philippe (1999) BioEssays 21:871-879; Kurland et al. (2006) Science 312:1011-1014



