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Bacterial proteins pinpoint a single eukaryotic root

Romain Derelle*®’, Guifré Torruella, Vladimir Klime%9, Henner Brinkmann®, Eunsoo Kim', Cestmir VI¢ek?,

B. Franz Lang", and Marek Elias®

2Centre for Genomic Regulation, 08003 Barcelona, Spain; PUniversitat Pompeu Fabra 08003 Barcelona, Spain; “Institut de Biologia Evolutiva, Consejo Superior
de Investigaciones Cientificas-Universitat Pompeu Fabra, 08003 Barcelona, Spain; “Faculty of Science, Department of Biology and Ecology, University of
Ostrava, 710 00 Ostrava, Czech Republic; ¢Leibniz-Institut DSMZ-Deutsche Sammlung von Mikroorganismen und Zellkulturen GmbH, D-38124 Braunschweig,
Germany; "Sackler Institute for Comparative Genomics and Division of Invertebrate Zoology, American Museum of Natural History, New York, NY 10024;
9Ynstitute of Molecular Genetics, Academy of Sciences of the Czech Republic, 142 20 Prague 4, Czech Republic; and "Robert Cedergren Centre for
Bioinformatics and Genomics, Département de Biochimie, Université de Montréal, Montreal, QC, Canada H3T 1J4

Edited by Thomas Martin Embley, University of Newcastle upon Tyne, Newcastle upon Tyne, United Kingdom, and accepted by the Editorial Board January 13,

2015 (received for review October 28, 2014)

The large phylogenetic distance separating eukaryotic genes and
their archaeal orthologs has prevented identification of the position
of the eukaryotic root in phylogenomic studies. Recently, an in-
novative approach has been proposed to circumvent this issue: the
use as phylogenetic markers of proteins that have been transferred
from bacterial donor sources to eukaryotes, after their emergence
from Archaea. Using this approach, two recent independent studies
have built phylogenomic datasets based on bacterial sequences,
leading to different predictions of the eukaryotic root. Taking advan-
tage of additional genome sequences from the jakobid Andalucia
godoyi and the two known malawimonad species (Malawimonas
jakobiformis and Malawimonas californiana), we reanalyzed these

constantly find fast evolving eukaryotes at the base of all other
eukaryotes (9-12).

In the absence of a close outgroup, rare cytological and ge-
nomic changes specific to some eukaryotic lineages have also
been considered for rooting of the eukaryotic tree. In this con-
text, the leading hypothesis used to be the Unikonta-Bikonta
dichotomy, in which unikonts and bikonts are ancestrally char-
acterized by (arguably) either a single or two flagella, respectively.
This subdivision seemed to be supported by the distribution of
certain gene fusions (13), and a specific myosin paralog (14), but
both characters later proved to have a more complex evolu-
tionary history (2). Furthermore, the idea of the “uniflagellate”

PNAS | Published online February 2, 2015 | E693-E699



1 ‘zl
W R
g T
'l

‘I-rr,."w
1
Ei»,
LI AT e
\A | .laé| —
| V( ,‘ Q I o 255
w
/'\\:l_' | " N T »
< 3 " A
p},*& "": Ob
Vv 2 ‘(\
W o -
s ( Y, SN \
& o \ > ¥
_3‘ . o d I I ' ]

7 N4

37 H EE)(2012) T[RAEEIY
1B 1T 66, p439-444



HNEEDEA
THEOA—YAOTIETETTHEALLY,

BEZEYOXBEHET. EFlENS/KFEEIHTEA
SN B FEFF
(ex. \FZJF')Tﬂ/ﬁEH#IL ShaVRYT7 DY EITEST=
o OTANITI) T KIZEASIN-EIRZFLHE)
NEZ.EFHEDELTF




Opimoda_

ALPHA-PROT dataset

G 2arzok
[ Monsipa ovata

oy, T

Monosiga brevicalls
_‘-_ Ephydatia mueler’

fon queerofandics

058

Diphoda

0.99

DISCOBA

Leishnmania major

OPISTHOKONTA

AMOEBOZOA

EUBAC dataset

1
Fhyscomiella pakens
— e

Arabidops s thalano

Cstreococces leamannus
Aicromomas sp.
Tetraselos astomatica
vovela waviatds

. IR 02 SAph AN

e— OO CSAS
GONOmMonas avonied

Gellardia theso
Crypeanmanas pavamedum

Phyrophtho

SAR

Botdomonas paanca

Bgdloniaia navans

ARCHAEPLASTIDA

Ovyra cativa
Arcbyclopnis thalana
Osteacacess luimarnu

Ga'dvevia sulpheravia

Aegnia pasasiy
oypithove

Helevostgma aka

Micromorsa 3¢
Tetmselim’s asngrmoatos
Chicvella wavialyin

T
CRYPTOMONADIDA = Gt

Lovocapus sioulosus
Thalassinia peduionanag
Boldamonas pacifica

Higelomiatla natans

PlGyoonrya macrosToma FLAlyOpi e /ma s taovng
T. ¥rerrmophiia
2 e vl uwio

Ouytnicha reifailae

097

Towepiaima gondh

Perkinsus mx

Navenia b

Lingulaadiniuem pofyedawm

NEEDRSNTLVED

02



(1) EREYDrootlEA =0 3L A(aV2DRIZH S,

(2) TORANN—ZRIEEZRFTIEARLY,

3) EREYMDOEBEHRLIL. ZRDFEZFFFD,

A=3a B3 > FEE—H (Opimoda)

INAAVA > FATH+—4S (Diphoda)




http://protist.i.hosei.ac.jp/index-J.html
[REEBNYIEERY—/N\

RE£H
e . EEsmezomomseposs iEE 81037K, AR : Wit 768,
lﬁ $&-‘j-— N 32267, 1587247, &LV, Bl 2261 7Y v 7, KKEHNE) CRE
BEERHLTVET,
2016.03.22 ¥ #

WER: A/VF HER: BFR: BER: FEES TRIEY: BEEY: 208

> s

HMRERIEE

TIGIRERE [ REED:

WER | A/NVF | BER | SER | FFEN | REY | BNt
BEA | BROK | AL | ALAXRS | MRARE | 20t
REZ&EY: BEBHY: ¥v >V« BE:

REOCHK BERCLOERER REBTHR S EZYE
Digital Image Book: BifkE—&: EMiES v F 7!
REEYDOIREERR (BE) : New !

A5 —3y b EEBRZE
BERICHE T 2EDSHIEMEWeb T b —K

',' - i . Hs e »
WehDFF, fib B, KR, fib FsE DR
2016.05.15 2016.05.08 2016.04.24

Googlel & &1 hREEE
Copyright 1995-2016 R&E&HWEHY —/C
COF-IR-Ai, BEFRAEHREASE KEOFR TEDHERELRT — 9 K~ 0BE,
(FREE34, 1997-1999) . KLY, PHROFEHLFFENERMCLS ANERE Lo\
FRENETRRME EPRFERARAOT I R—AEREF Y RI—I VAT LBEOLS Y )

A
DEBROFRITE 5%, 1997-2001) CMLTVET, Ff, ZOF—¥ fio Amourze

N-ARFHER (ERFRB HWHMES 07558052) OHHERGTZ LI,

BRE/ FREDIE SR

HE AKX - KBEETF 1ERAB : 2010610858 (201545858

f
-]
g
5
5
=

© Masahiro Suzuki & Shuhei Ota

EREYDOHR

Adl etal. (2012) Z&I{ERL.
FBOEFEL VNI N—T%
F?) TRL. BREERD
HEE8LI/N—T%2H5—T

http://natural-history.main.jp/Algae review/Symbiosis/Symbiosis.html



http://protist.i.hosei.ac.jp/index-J.html
http://natural-history.main.jp/Algae_review/Symbiosis/Symbiosis.html

REEYDFEDRA b

A== I —TERRDOE%K
i Bambn D2 P A O o M2
“RIEY (ZREE) | ZRIEY (ZREE) | ER—RIEE

ShavkIT7 . A =L ARSI/ — L4
RikiA, TEQTSRE

VRO BEZKRRR

BERREYDroot (SAEEDEA)



