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Supplementary Table 1. UFBoot support for monophyly of Archaeplastida (Arch.) from
all four source datasets, along with the support for Glaucophyta (Glau.), Rhodophyta
(Rhod.), Chloroplastida (Chlo.), and SAR. The support from subsets of common genes
and taxa are also shown, where datasets should be interpreted as follows: the gene-
overlap dataset BAU-ALL refers for the subset of genes common to all four datasets
using the BAU alignments; BAU-BRO refers to the subset of shared genes between
BAU and BRO using the BAU alignments and vice versa for BRO-BAU. All analyses
were performed with IQ-TREE under BIC-selected models. NA refers to cases where a

clade was represented by a single taxon.

Original datasets

Dataset Model SAR Arch. Glau. Rhod.  Chlo. No.taxa No. genes
BAU LG+T4 100 0 100 100 100 57 108
BAU LG+C40+F+I'4 100 0 100 100 100 57 180
BRO LG+F+T4 100 0 100 100 100 68 159
BRO LG+C40+F+T'4 100 0 100 100 100 68 159
BUR LG+F+T4 100 0 100 100 100 150 250
BUR LG+C60+F+I'4 100 0 100 100 100 150 250
KAT LG+F+T4 100 95 100 100 100 231 150
KAT LG+C60+F+I'4 100 91 100 100 100 231 150

“Gene overlap” datasets

Dataset Model SAR Arch. Glau. Rhod.  Chlo. No.taxa No. genes
BAU-ALL LG+T4 100 0 100 100 100 56 57
BAU-ALL  LG+C60+F+I'4 100 0 100 100 100 56 57
BAU-BRO LG+T4 100 0 100 100 100 56 84
BAU-BUR LG+I'4 100 0 100 100 100 56 89
BAU-KAT LG+T4 100 0 100 100 100 56 66
BRO-ALL LG+T4 100 0 100 100 100 68 57
BRO-ALL  LG+C60+F+I'4 100 0 100 100 100 68 57
BRO-BAU LG+T4 100 0 100 100 100 68 84
BRO-BUR  LG+F+T4 100 0 100 100 100 68 121
BRO-KAT LG+I4 100 0 100 100 100 68 75
BUR-ALL LG+I4 100 0 100 100 100 150 57
BUR-ALL  LG+C60+F+T4 100 0 100 100 100 150 57
BUR-BAU LG+I'4 100 0 100 100 100 150 89
BUR-BRO LG+T'4 100 0 100 100 100 150 121
BUR-KAT LG+F+I'4 100 0 100 100 100 150 79
KAT-ALL LG+I4 73 0 100 84 100 227 57
KAT-ALL LG+C60+F+I'4 73 0 100 84 100 227 57
KAT-BAU LG+I4 0 0 0 100 100 229 66
KAT-BRO LG+T'4 100 0 100 99 100 231 75
KAT-BUR LG+T'4 100 0 96 66 100 229 79




“Taxon-overlap” datasets

Dataset Model SAR Arch. Glau. Rhod.  Chlo. No.taxa No.genes
BAU-ALL LG+F+I'4 100 0 NA 100 NA 20 20
BAU-ALL LG+C60+F+I'4 100 0 NA 100 NA 20 20
BAU-BRO LG+I'4 100 0 NA 100 100 28 29
BAU-BUR LG+I'4 100 0 NA 100 100 33 35
BAU-KAT LG+I4 100 0 100 100 100 44 48
BRO-ALL LG+F+T'4 100 0 NA 100 NA 20 20
BRO-ALL  LG+C60+F+T4 100 0 NA 100 NA 20 20
BRO-BAU LG+F+I'4 100 0 100 100 NA 29 23
BRO-BUR LG+F+I'4 100 0 NA 100 100 41 41
BRO-KAT LG+F+I'4 100 0 100 100 100 57 57
BUR-ALL LG+F+I'4 100 0 NA 100 NA 20 20
BUR-ALL LG+C60+F+I'4 100 0 NA 100 NA 20 20
BUR-BAU LG+F+I'4 100 0 100 100 100 34 35
BUR-BRO LG+F+I'4 100 0 NA 100 100 39 41
BUR-KAT LG+F+I'4 100 0 NA 100 100 64 66
KAT-ALL LG+F+I'4 100 0 NA 100 NA 20 20
KAT-ALL LG+C60+F+I'4 92 0 NA 100 NA 20 20
KAT-BAU LG+F+T'4 100 0 100 100 100 48 48
KAT-BRO LG+F+I'4 100 51 100 100 100 57 57
KAT-BUR LG+F+I'4 100 0 NA 100 100 66 66
Supplementary Table 2. Number of genes supporting tree topologies where
Archaeplastida were monophyletic or non-monophyletic.
Non-monoph. Monophyly 5
Dataset Archaeplastida  Archaeplastida Total P ("-test)
BAU 60 48 108 0.2482
BRO 93 66 159 0.0323
BUR 143 107 250 0.0228
KAT 76 75 151 0.9351

Supplementary Table 3. Alignment completeness metrics (sensu Wong et al. 2020) for
the four original datasets and the new combined datasets, obtained with AliStat.

Abbreviations: number of taxa (Ntax), positions (Npos), sequence pairs (SeqPairs),

completeness of alignment matrix (Ca), row or taxa completeness (Cr), column or
alignment position completeness (Cc) and proportion of completely specified

homologous sites (Cij).

Original datasets

Dataset Ntax Npos SeqPairs ~ Ca Cr max Cr min  Cc max Cc min Cij max Cij_min
BAU 57 15,392 1,596  0.84 1.00 0.23 1.00 0.70 1.00 0.09
BRO 68 43,615 2,278  0.61 0.99 0.19 0.97 0.01 0.98 0.06
BUR 150 55,554 11,175 0.79 0.98 0.14 0.96 0.43 0.96 0.03
KAT-PROTS 231 34,991 26,565  0.58 1.00 0.01 0.75 0.50 1.00 0.00
KAT-18S 231 1,355 26,565  0.89 1.00 0.00 0.93 0.74 1.00 0.00
Combined datasets

Dataset Ntax Npos SeqPairs Ca Crmax Crmin Cc max Cc min Cij max Cij min
COMB-BMGE 346 75,152 59,685  0.64 0.98 0.01 0.84 0.31 0.95 0.00
COMB-BMGE-101 101 75,152 5,050 0.76 0.98 0.13 0.97 0.30 0.95 0.02
COMB-DIVPART 346 160,667 59,685  0.37 0.65 0.005 0.84 0.01 0.62 0.00
COMB-DIVPART-101 101 150,904 5,050 047 0.69 0.06 0.97 0.01 0.65 0.01
COMB-UNTRIM 346 202,066 59,685  0.34 0.59 0.004 0.84 0.01 0.56 0.00
COMB-UNTRIM-101 101 196,609 5,050 042 0.61 0.06 0.97 0.01 0.56 0.01
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Supplementary Fig 1. Possible biological scenarios for the origin of plastids (modified
from Mackiewicz and Gagat, 2014).
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Supplementary Fig. 2. Gene tree of the UBA3 gene from the BUR dataset (IQ-TREE).
Numbers at nodes are UFBoot supports.
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Supplementary Fig. 3. Gene tree of the EF2 gene from the BAU dataset (IQ-TREE).
Numbers at nodes are UFBoot supports.
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Supplementary Fig. 4. Site-wise likelihood scores (ASLS) for EF2 in BAU. The SA/GS
signature identified by Kim and Graham (2008) are highlighted (alignment positions
181-182).
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Supplementary Fig. 5. Reanalysis of the BAU dataset after removal of the EF2 gene
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Supplementary Fig. 11. Gene tree of the OLA1 gene (OG5 126949) from the KAT
dataset (IQ-TREE). Numbers at branches are UFBoot supports.
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Supplementary Fig. 12. Reanalysis of the KAT dataset (IQ-TREE LG+C60+F+I'4) after
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Supplementary Fig. 13. Outlier detection of the combined dataset (COMB-UNTRIM).
Gene-wise log-likelihood score differences (dGLS) in support (blue) or against (red) the
monophyly of primary photosynthetic eukaryotes (PPE, incl. Rhodelphidia).
Calculations follow Shen et al. (2017).
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Supplementary Fig. 16. Comparison of phylogenomic datasets with respect to internal
congruence among gene trees and concatenated trees (proxy for phylogenetic signal)
and dataset size (total length in aligned amino acids and number of taxa). Topological
distances are measured as normalized Robinson-Foulds distances (nRF). The lower

graph shows nRF corrected by gene length.
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Supplementary Fig. 17. Internode certainty (IC) scores on the COMB-UNTRIM dataset
(probabilistic correction for incomplete gene trees).
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Supplementary Fig. 19. Comparison of performance of three alignment-trimming
algorithms: untrimmed (UNTRIM), Divvier partial (DIVPART), or block-trimming
(BMGE). 311 gene trees were inferred by maximum likelihood under BIC-selected
models on the combined datasets contain up to 344 taxa. (a) Normalized Robinson-
Foulds distances (nRF) between gene trees and the corresponding concatenated trees (b)
Proportion of highly supported congruent (nHSG), incongruent (nHSB), and lowly
supported congruent (nLSG) and incongruent (nLSB) branches. Congruent bipartitions
are those present in the corresponding concatenated maximum likelihood trees and high
support is considered when SH-aLLRT >0.85. (c) nRF distances for short and long gene
alignments (>400 aligned amino acids in COMB-UNTRIM). (d) Gene alignment
lengths (measured from COMB-UNTRIM alignments) as a function of the best filtering
method (producing the lowest nRF). (e) Number of taxa in alignments as a function of

the best filtering method (lowest nRF).
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Supplementary 20. Maximum likelihood phylogeny of the COMB-BMGE dataset under
LG+I+F+I'4. Numbers at nodes are UFBoot / SH-like aLRT supports.
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Supplementary 21. Maximum likelihood phylogeny of the COMB-DIVPART dataset
under LG+I+T". Numbers at nodes are UFBoot / SH-like aLRT supports.
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Supplementary 22. Maximum likelihood phylogeny of the COMB-UNTRIM dataset
under LG+I+T"4. Numbers at nodes are UFBoot / SH-like aLRT supports.
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Supplementary Fig. 24. Maximum likelihood phylogeny of the COMB-DIVPART-101
dataset under LG+C60+1+I"4. Numbers at nodes are UFBoot / SH-like aLRT supports.
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Supplementary Fig. 25. Maximum likelihood phylogeny of the COMB-UNTRIM-101
dataset under LG+C60+1+I"4. Numbers at nodes are UFBoot / SH-like aLRT supports.
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Alveolata_Dinophyta_Di Suessiales sp_N/A@110770
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Opisthokonta-Metazoa_Chordata_Actinopteri_Tetraodontiformes_Tetraodontidae_Takifugu_rubripes_FUGU4@117098
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L Amoebozoa_Evosea_Archamoebae_N/A_N/A_Entamoeba_dispar_N/A@91424
Amoebozoa_Evosea. DI N/A_D discoideum_N/A@106699
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Amoebozoa_Evosea_Cutosea N/A_Vanneliidae_Pessonella_sp_PRA-20@74692
Amoebozoa_Discosea_Flabellinia_Longamoebia_N/A_Mayorella_sp_BSH-02190019_may@85512
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Supplementary Fig. 26. Bayesian phylogeny of the COMB-BMGE-101 dataset under

CAT-GTR (majority-rule consensus of three MCMC chains). Numbers at nodes are
Bayesian posterior probabilities.

28



—m Alveolata Coccidia Toxoplasma_gondii N_A_101142
Alveolata chabaudi_N_A_110424
Alveolata_Ci L N_A_N_A G _Colpodella_sp_N_A_57686
Alveolata_Cl . N_A_N_A_N_A Vitrella_brassicaformis_CCMP3155_107780
Alveolata_Dinophyta_Di X ¥ y _micrum_N_A_99691
Alveolata_Dinophyta_Di Suessiales sp_N_A_110770
Alveolata_Dinophyta_Dinophyceae_Oxyrthinales_Oxyrrhinaceae_Oxyrrhis_marina_N_A_100618
Alveolata | \ N_A_Perkinsida_Perkinsidae_Perkinsus_marinus_N_A_80088
Alveolata_Giliophora_ L O »_Sterkiella_| _N_A 91511
Alveolata_Ciliophora_Litostomatea_Pleurostomatida_Litonotidae_Litonotus_pictus_P1_57289
Alveolata_Ciliophora_Colpodea_C pl yopl WH_81727
Alveolata_Ciliophora_O! T T N_A 94094

1001100

Stramenopila-Ochrophyta_N_A_D N_A _elastica_CCMP716_94039
99199 Ochrophyta_t _N_A_N_A_N_A_Triparma_eleuthera_N_A_109466
Ochrophyta N_A_Ping parva_CCMP2877_75086
Ochrophyta N_A siliculosus_N_A_97187
Ochrophyta._| NA ! _gaditana_N_A_97372
Stramenopila-Ochrophyta_N_A_C . Cl _Spumella_elongata_CCAP955_1_105463
Stramenopila-Oomycota_N_A_Oomycetes_Peronosporales_N_A_Phytophthora_sojae_N_A_123073

00100
- Stramenopila-Oomycota_N_A_Oomycetes parasitica_N_A_107359
ta_L L  N_AT v _limacinum_N_A_104886
genista_L L AT ¥ |  N_A_99446
genista_MAST_N_A_N_A_N_A_N_A_N_A_MAST4_37552
Opalozoa_ N_A | _C _Placididea_sp_CaronLablsolate_83261
Rhizaria_Filosa N_A_C [ marina_N_A_11407
|1 60 51100
Rhizaria_Apofilosa_N_A_N_A_N_A_Corallomyxa_sp_N_A_41694
Rhizaria_Retaria-Foraminifera_N_A_Rotaliida_Elphidiidae_Elphidium_margaritaceum_N_A_85692
———=—" Haptista_Haptophyta_N_A_ | X _huxleyi_N_A_130769
Haptista_Haptop! ci polylepis_N_A_99274
Haptista_Haptophyta N_A antarctica N_A_98542

Haptista_Haptophyta_N_A_Paviovales_Paviovaceae_Paviovales_sp_N_A_94580

Haptista_C: . N_A_N_A_Raphidiophryidae_Raphidiophrys_heterop . N_A_99955
Haptista_C L N_A_N_A_/ _Cl _sp_N_A_94108
N_A Salicaceae_Populus_trichocarpa_N_A_106353

o000
Archaeplastida-Viridiplantae_Streptophyta_Liliopsida_Poales_Poaceae_Oryza_sativa_N_A_110736

Archaeplastida-Viridiplantae_Streptophyta_N_A_Pinales_Pinaceae_Pinus_taeda_js021_107430
Loorion Archaeplastida-Viridiplantae_Streptophyta_Bryopsida_Funariales_Funariaceae_Physcomitrella_patens_N_A_104977
_viride_N_A_68530

Archaeplastida- Viidiplantae Chiorophyta_Trebouxiophyceae_N_A_Coccomyxaceae_Coccomyxa_sp_N_A_100399

pl Chlorophyta_C ci Volvox_carteri_N_A_102333
iplantae_Chl | ! ! | _pusilla_N_A_129093
X X X _( - X L N_A_97840
X X ' N_A X _paradoxa_N_A_64941
N_AN_AC SAG4.97_69517
Cryptista_Cryptophyta_Cryptophyta_C G :_Cryp! _curvata_CCAP979_52_87739

1001100

Bangiales Porphyra_umbilicalis_N_A_94483
Corallinales_C Calliarthron N_A_28009
i | | \_purpureum_N_A_97024
_C: X _caeruleus_N_A_78703
2 | _marinus_N_A_102267
Cyamdnales Cy Galdieria N_A_76884
Rhodophyla sistor N_AN_AN_A_N_A Rhodelphis_marinus_N_A_90463
Rhodelphis_limneticus_N_A_93327
vata-Discoba_Euglenozoa_N_A_Kinetop e_Leishmania_major_ASM272v2_118691

llatum_N_A_1

0a_N_A_Diplonemida_N_A_Diplonema_pz
N_A_Eutreptiella_gymnastica_C
Exc N_A_N_A_Percolomonas_cosmop
N_A_N_A_N_A a N_A_31
Excavata-Discoba_Loukozoa_N_A_N_A_Histionidae_Reclinomonas_americana_N_A_33437
Exc Discoba_Loukozoa_N_A_N_A_Jakobidae_Anc

Excavata-Di

cerata_N_A,

Excavata-

oo

a_Metamonada_N_A_N_A_Hexamiti

N_A_N.

onada_N_A_Oxymonadida_|

_| 1000
- [ww Excavata _N_A_N_A_N_A Malawimonadidac v :\hnnon:r jakobiformis_N_A_26971
Excav. Undef N_A_N_A_N_A_Ma onas_californiana_N_A

Opisthokonta-Metazoa_Arthropoda_Insecta_Diptera_Culicidae_Culex_pipiens Or(hoMCLs 114486

nonad

Metazoa_Arthropoda_| _Diplostraca_Daphniidae_Daphnia_pulex_N_A_104817
[¢] M ._Nematoda_C} _Rhabditida_f _elegans_WBcel235_111506
M _Mollusca_ _N_A_Lottidae_Lottia_gigantea_N_A_103815

‘uo/gg\slhokonta-Metazoa Chordata_Mammalia_Primates_Hominidae_Homo_sapiens_N_A_120524
pisthokonta-Metazoa_Chordata_Actinopteri_Tetraodontiformes_Tetraodontidae_Takifugu_rubripes_FUGU4_117098
Opisthokonta-Metazoa_Chordata_Ascidiacea_Enterogona_Cionidae_Ciona_intestinalis_KH_104495
Opisthokonta-Metazoa_Cnidaria_Anthozoa_Actiniaria_Edwardsiidae_Nematostella_vectensis_N_A_103391
0 _rosetta_| _sp_ATCC50818_102965

el N_A N_A_101287
Opisthokonta-Filasterea_N_A _Ichthyosporea N_A_N_A_Capsaspora_owczarzaki_ N_A_101140

Fungi_ | _Eurotiales _Aspergillus_oryzae N_A_110261
Fungi_ X | ! _Gibberella_zeae N_A_108838
Fungi_ LS = S X _cerevisiae_N_A_102141
Oy Fungi pombe_N_A_100219
Tono N Fungi T Tremellales_C: c N_A_98490
[ Fungi_| ¥ . Agaricales | . Coprinopsis_cinerea N_A_107429
ol Fungi_| . N_A_Mucorales_| | | _N_A_103230
Fungi_C L ! . X _punctatus_S_punctatus_V1_106073
O Fungi Allomyces. A V3_98927

D N_AN_A_N_A N_A Fonticula_alba_Font_alba_ATCC_38817_V2_80354

Apusomonadida_N_A_N_A_N_A _N_A_13625

_N_A_N_A_N_A_N_A_Pygsuia_biorma_N_A_82412

Breviatea N_A_N_A_N_A_N_A Breviata_anathema N_A_ 24694
Discosea_Flabellinia_Longamoebia_N_A_Cunea_sp_BSH-02190019_may_85512

m:zm _Evosea_Cutosea_N_A_Vannellidae_Armaparvus_languidus_PRA-29_74692
ST Amoebozoa_Evosea_Variosea_N_A_Echinamoebidae_Filamoeba_nolandi_N_A_84945
_Evosea | _Di _N_A_Di ¢ _N_A_106699
sl Evosea, N_AN_A dispar_N_A_91424
L _Evosea_/  N_A_N_A_| _invadens_N_A_63173
03

eS|

A_Hexamitidae_Giardia_lambliz

Supplementary Fig. 27. Maximum likelihood phylogeny of the COMB-BMGE-101
dataset without Picozoa under LG+C60+I+F+I"'4. Numbers at nodes are UFBoot / SH-

like aLRT supports.
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Supplementary Fig. 28. Maximum likelihood phylogeny of the COMB-DIVPART-101

dataset without Picozoa under LG+C60+I+I"'4. Numbers at nodes are UFBoot / SH-like

aLRT supports.
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Supplementary Fig. 30. Summary coalescent analysis of the COMB-BMGE dataset.
Numbers at nodes are local posterior probabilities.
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Suppléfnentary Fig. 31. Summary coalescent analysis of the COMB-DIVPART dataset.
Numbers at nodes are local posterior probabilities.
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Supplementary Fig. 32. Summary coalescent analysis of the COMB-UNTRIM
dataset. Numbers at nodes are local posterior probabilities.
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