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Fig S1. BlobTools plots showing contamination of several sequenced SAGs. The bacterial contamination is 
shown as blue circles, while sequences with eukaryotic signal are in magenta. For comparison, BlobTools plots 
for SAGs EU17 and EU18 are also shown.



Ancyromonas JQ340339

SAG EU18 NODE_335

Subulatomonas HQ342676

Cyanidioschyzon AP006500

Blastocladiella EF014366

Spumella BW2S MF682189

Vexillifera AY183891

Paramecium X03772

Pharyngomonas JX509943

Monocercomonas ATCC50210

Spironema MF682190

Lingulamoeba AY183886

Breviata AF153206

Goniomonas U03072

Diphylleia AF420478

Porphyridium FJ595490

Toxoplasma KX008033

Pavlova AF106053

Tsukubamonas AB576851

Guillardia X57162
Leucocryptos AB193602

Mantamonas GU001154

Nutomonas JQ340331

Chondrus DQ317002

Trichomonas U17510

Xenoturbella AY291292

Carpediemonas GU827594

Blepharisma KF206427

Echinamoeba AF293895

Pygsuia KC433554

Chytriomyces AB586078

Vorticella JN120252

Euglena AJ532425

Trichonympha AB003920

Podomonas AY050182

Reclinomonas AY117417

SAG EU17 NODE_318

Diplonema AF380996

Nuclearia AY364635

Picomonas JX988758

Massisteria AF411286

Ergobibamus GU827592

Acrasis AF011458

Corallochytrium L42528

Chlamydomonas M32703

F.W. sediment clone AY689797

Oxymonas AB092931

Jakoba AY117418

Vermistella DQ229956

Aduncisulcus GU827603

Ministeria AF271998

SAG EU1 NODE_9583

SAG EU19 NODE_3400

Paratrimastix AF244905

Petalomonas U84731

Rigi�la AB686266

Chilomastix EU0094640

SAG EU14 NODE_3815+NODE_19830+NODE_117

Malawimonas EF455761

SAG EU7 NODE_116

SAG EU3 NODE_310+NODE_467

Bicosoeca AY520444

Moramonas KT878762

Lotharella nucleomorph AF076176

SAG EU12 NODE_17339+NODE_49

Amphidinium AF274252

Naegleria AF338423

Phaeodactylum GQ452861

SAG EU6 NODE_831

Palpitomonas AB508339

SAG EU4 NODE_77

SAG EU16 NODE_8531+NODE_12818+NODE_6743

Tracheloraphis L31520

Stygiella AY117419

SAG EU8 NODE_63+NODE_1630+NODE_3250+NODE_43

Calkinsia EU753419

Paravahlkamp�a AJ224890

Glaucocystis X70803

Labyrinthula KU559378

Retortamonas AF439348

Arachnula EU567294

SAG EU20 NODE_11

Eimeria AF026388

Perkinsus X75762

Multimonas KP996852

Rhizamoeba EU719197

Chromera JN986792

Peranema AF386636

Vanella AY121853

Telonema AJ564771

Microheliella AF534711

Planomonas EF455780

SAG EU15 NODE_4384+NODE_4987+NODE_128

Cercomonas EF455759

Galderia AB091230

Protaspis DQ303924

Multicilia AY268037

Micronuclearia AY268038

Mesostigma AF408245
Arabidopsis X16077

Atolla AF100942

Monocercomonoides AY831435

SAG EU11 NODE_787

SAG EU13 NODE_44

Acanthocystis KX639994
Choanocystis AY749616

Ge�onella 249

Dysnectes AB263123

Mantamonas GU001156

SAG EU9 NODE_44

Heterosigma AY788936

Andalucia AY965870

Telonema AJ564773

Micromonas AY954994

Ichthyobodo AY229972

Neurospora X04971

SAG EU5 NODE_835

SAG EU2 NODE_3245+NODE_11442+NODE_14018+NODE_3043

Hemimastix MF682191

Apusomonas L37037

Dermamoeba AY294148
Hartmanella M95168

Rhynchomonas AY827855

Cyanophora X68483

SAG EU10 NODE_97+NODE_14947+NODE_940

Limno�la EU56725

Acanthamoeba U07416

Uncultured picozoan KC488345

Amoebidium Y19155

Phaeocystis AJ278035

Monosiga KM387288

80/100

70/95
99/100

87/100

97/100

83/100

92/99

56/94

54/86

71/97

79/97

93/100

74/100

52/-

97/100

85/99

64/86

50/98

91/99

93/100

91/99

97/100

70/87

82/100

82/98

67/99

95/100

73/98

91/100

84/100

82/100

53/97

67/99

87/100

58/-

99/100

66/97

-/85

-/78

96/100

59/86

94/100

-/80

-/90

-/90

-/84

-/79

-/88

-/98

-/88

93/100

57/98

96/100

50/92

94/100

0.1 substitution/site

BS / UFB

Metamonada

Jakobida

Diplonemea

Kinetoplastea

Euglenida

Symbiontida

Jakobida

Heterolobosea

SAR

SAR

Haptophyta

Metamonada

Malawimonadida

Ancyromonadida

Hemimastigophora

Cryptista

Obazoa

Obazoa

Obazoa

Amoebozoa

Amoebozoa

Picozoa

Centrohelida

Telonemida

Cryptista

Archaeplastida

Archaeplastida

Archaeplastida

CRuMs

CRuMs

CRuMs

Euglenozoa

-/86
-/86

-/88
-/96

-/76

-/75

-/85

-/86

Fig S2. 18S rDNA phylogeny of 
eukaryotes. The Maximum Likeli-
hood phylogenetic tree was estimat-
ed from an alignment containing 
131 taxa and 1,551 nucleotide posi-
tions under the GTR+Γ model with 
standard bootstrapping (BS) and 
ultrafast bootstrapping (UFB). Sup-
port values are shown if    50% and
  75% for BS and UFB, respectively. 
Fully supported nodes are shown as 
black circles.
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Fig S3. 18S rDNA phylogeny of 
euglenozoans. The Maximum 
Likelihood phylogenetic tree was 
estimated from an alignment 
containing 368 taxa and 1,269 
nucleotide positions under the 
GTR+Γ model with standard boot-
strapping. Support values are 
shown if     50%.
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Fig S6. Characterization of tRNAs encoded in mtDNA of EU17/18 and EU2. a-b) Sequences of trnK (a) and trnM (b) 
were aligned with mitochondrially encoded tRNAs of other species of Discoba. Residue shading indicates sequence 
conservation. c-d) Secondary structures of trnK (c) and trnM (d) as predicted by tRNAScan-SE. Double and triple bonds 
are depicted as dark- and light-blue circles, respectively. Anticodons are highlighted with a green background. Since 
all other known euglenozoans import all tRNAs into mitochondria from the nucleus [47], we built tRNA alignments 
with homologues from the mtDNAs of other discobans to take into account di�erent evolutionary pressures and 
mutational rates in nuclei and mitochondria [51]. The identity across nine trnK and 20 trnM sequences was 38.7% and 
15.8%, respectively (a-b). Predicted secondary structures resembled other tRNAs supporting their functionality (c-d). 
While most eukaryotes have at least some tRNA mitochondrial-encoded, the long-standing paradigm was that eugle-
nozoans and unrelated apicomplexans (which share with euglenozoans a range of unique features [77]) import all 
tRNAs from the cytosol [78]. This has signi�cant consequences, since the bacterial-type translation system has to cope 
solely with the eukaryotic-type tRNAs [79].
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Fig. S7. Mitoribosomal RNAs of EU17/18. Sequences of rns (a) and rnl (b) genes, as predicted by MFannot, were aligned with sequences of Escherichia coli. E. 
coli sequences were obtained from http://rna.ucsc.edu/rnacenter/ribosome_images.html, and their predicted domains [80,81] are shown as magenta and blue 
boxes below the sequences. Nucleotide identities are shown by black background with white nucleotides.


