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Supplementary Data 148 

Data S1. Table S1 and experimental procedures. Table S1. Location and number of thioredoxin system-related 149 

genes and genes in the Calvin–Benson cycle (CB) and oxidative pentose phosphate pathway (OPPP) in different 150 

photosynthetic organisms (Synechocystis sp. PCC 6803, Cyanidioschyzon merolae, Arabidopsis thaliana, 151 

Paulinella micropora KR01). 152 

153 

Data S2. (A) Phylogeny of thioredoxin (TRX) in KR01. (B) Phylogeny of glucose-6-phosphate dehydrogenase 154 

(G6PDH) in KR01 and sequence alignment of redox-active Cys region of chloroplastic G6PDH. Asterisk 155 

indicate redox-active Cys sites. (C) Phylogeny of malate dehydrogenase (MDH) in KR01. Bootstrap support 156 

values >90 are shown at the branches. Well-supported clades with interest are marked with gradient color boxes. 157 

Color code: blue, Paulinella species; green, Arabidopsis thaliana; gray, bacteria and archaea species. 158 

159 

160 

161 

162 
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Supplementary Table 

 

Table S1. Location and number of thioredoxin system-related genes and genes in the Calvin–Benson cycle (CB) 

and oxidative pentose phosphate pathway (OPPP) in different photosynthetic organisms (Synechocystis sp. PCC 

6803, Cyanidioschyzon merolae, Arabidopsis thaliana, Paulinella micropora KR01). 

 

 
Enzy

me 

Cyanobacteria 

(Synechocystis sp. 

PCC 6803) 

Red algae 

(Cyanidioschyzon merolae) 

Green plant 

(Arabidopsis thaliana) 

Paulinella micropora 

KR01 

Plastid genome 
Nuclear 

genome 

Chloropl

ast 

genome 

Nuclear genome 
Chromatophore 

genome 

Nuclear 

genome 

Thiol-

oxidoredu

ctase 

TRX 4 1 7 - 20 2 9 

GR

X 
3 - 2 - 28 1 2 

Thioredox

in 

reductase 

FTR 2 
1 (catalytic 

chain) 

1 

(variabl

e chain) 

- 

3 (catalytic beta 

chain), 3 (variable 

subunit) 

2 (catalytic 

chain, variable 

chain) 

NA 

NTR 1 - 1 - 4 1 3 

CB 

Rubi

sco 

1 (large subunit), 2 

(small subunit) 

1 (large 

subunit), 1 

(small subunit) 

- 
1 (large 

subunit) 
8 (small subunit) 

1 (large 

subunit), 1 

(small subunit) 

NA 

Acti

vase 
- - - - 3 NA NA 

PRK 1 - 1 - 1 1 NA 

GAP

DH 
2 - 4 - 16 1 2 

CP1

2 
1 - 1 - 3 NA 

1 

(partial 

domain) 

F/SB

Pase 
1 - - - - 1 NA 

FBP

ase 
1 - 2 - 2 NA 1 

SBP

ase 
- - 2 - 1 NA NA 

MD

H 
1 - 2 - 7 NA 4 

OPPP 

Opc

A 
1 - - - - NA NA 

G6P

DH 
1 - 2 - 12 NA 3 

 

 

Supplemental Experimental Procedures 

 

Survey of genes in this paper. 

In this study, we used data from Paulinella micropora KR01S1, Paulinella chromatophora CCAC 0185S2, and 

Paulinella ovalisS3. The chromatophore proteome data from P. chromatophora CCAC 0185S4 was used to 

predict the location of proteins in KR01. The presence of a chromatophore transit peptide in KR01 proteins and 
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gene expression data under high light stress and the diurnal cycle provided corroborating data for reaching 

conclusionsS1. To find thioredoxin system-related genes and genes in the Calvin–Benson cycle and oxidative 

pentose phosphate pathway in Paulinella species, the reference genes of Arabidopsis thaliana and Synechocystis 

sp. strain PCC 6803 were used as starting queries in BLASTp searches (e-value cutoff: 1e-5)S5 against the 

Paulinella database. Domain structure was analyzed using the web-based CD-searchS6. After manually checking 

the alignment, only genes that were well-aligned with conserved domains were selected for downstream 

analysis. 

Gene name Encoded 

location 

P. chromatophora 

ortholog 

Predicted 

location 

DEG (p-value 

< 0.05 and 

|log2 (fold 

change)| > 1) 

Chroma

tophore 

transit 

peptides 

Diurnal 

rhythmic 

expression 

TRX g18255.t1 Nuclear 

genome 

scaffold26240-

size528|m.128845 

Lysate 

TRX g28294.t1 Nuclear 

genome 

scaffold7220-

size1567|m.58497 

Lysate 

TRX g35100.t1 Nuclear 

genome 

scaffold8548-

size1418|m.65412 

Chromatop

hore 

crTP 

TRX g38191.t1 Nuclear 

genome 

scaffold12955-

size1047|m.85383 

Lysate 

TRX g4155.t1 Nuclear 

genome 

scaffold11899-

size1123|m.80931 

TRX g41691.t1 Nuclear 

genome 

scaffold15851-

size878|m.96520 

TRX g63005.t1 Nuclear 

genome 

scaffold7336-

size1552|m.59121 

TRX g69762.t1 Nuclear 

genome 

scaffold16773-

size830|m.99823 

TRX g76893.t1 Nuclear 

genome 

scaffold14993-

size922|m.93369 

TRX PCKR_721 Chromatoph

ore genome 

PCC_0738 Chromatph

ore 

NA NA NA 

TRX PCKR_755 Chromatoph

ore genome 

PCC_0772 Chromatph

ore 

NA NA NA 

GRX g65652.t1 Nuclear 

genome 

scaffold4665-

size1929|m.43315 

Lysate 

GRX g77183.t1 Nuclear 

genome 

scaffold27528-

size502|m.132296, 

scaffold24812-

size560|m.124887 

Diurnal 

GRX PCKR_810 Chromatoph

ore genome 

PCC_0826 Chromatop

hore 

NA NA NA 

NTR g2886.t1 Nuclear 

genome 

NTR g17500.t1 Nuclear 

genome 

NTR g3229.t1 Nuclear 

genome 

TP06_UP 

NTR PCKR_028 Chromatoph

ore genome 

PCC_0027 Chromatop

hore 

NA NA NA 

FTR PCKR_644 Chromatoph

ore genome 

PCC_0658 Chromatop

hore 

NA NA NA 

FTR PCKR_213 Chromatoph

ore genome 

PCC_0219 Chromatop

hore 

NA NA NA 

GAPDH g28715.t1 Nuclear 

genome 

scaffold4957-

size1875|m.45177 

Lysate 

GAPDH g38229.t1 Nuclear scaffold3834- Lysate 



genome size2088|m.37882 

GAPDH PCKR_414 Chromatoph

ore genome 

PCC_0418 Chromatop

hore 

NA NA NA 

MDH g8927.t1 Nuclear 

genome 

scaffold6154-

size1705|m.52479 

Chromatop

hore 

TP06_UP, 

TP30_DOWN 

crTP Diurnal 

MDH g43748.t1 Nuclear 

genome 

scaffold9817-

size1295|m.71516 

Lysate TP06_DOWN 

MDH g62328.t1 Nuclear 

genome 

scaffold12090-

size1110|m.81767 

Lysate 

MDH g55981.t1 Nuclear 

genome 

scaffold9817-

size1295|m.71516 

Lysate TP06_UP Diurnal 

CP12 g65620.t1 Nuclear 

genome 

FBPase g72605.t1 Nuclear 

genome 

scaffold7966-

size1483|m.62430 

Lysate TP06_DOWN, 

TP18_UP 

FBPase PCKR_261 Chromatoph

ore genome 

PCC0268 Chromatop

hore 

NA NA NA 

G6PDH g9229.t1 Nuclear 

genome 

scaffold2155-

size2616|m.25388 

Chromatop

hore 

crTP 

G6PDH g40784.t1 Nuclear 

genome 

scaffold2155-

size2616|m.25388 

Chromatop

hore 

crTP Diurnal 

G6PDH g58255.t1 Nuclear 

genome 

scaffold3969-

size2060|m.38789 

Lysate 

Phylogenetic analysis 

Putative homologs for each target protein were identified using a BlastP search (e-value cutoff: 1e-5)S5 against a 

local database, which contained taxa selected from NCBI RefSeqS7 and the MMETSP databaseS8 to provide a 

broad taxon sampling. CD-HITS9 was used to remove the redundant isoforms. Multiple amino acid alignments 

were done using Clustal OmegaS10 with the default options. These alignments were refined manually based on 

conserved domains. Maximum likelihood-based phylogenetic analysis and bootstrap resampling of the data was 

done using IQ-TREES11 with 1,000 ultrafast bootstrap replicationsS12. The evolutionary model was automatically 

selected using the model test option incorporated in IQ-TREE. Highly diverged or contaminant sequences, 

which exhibited a long-branch or taxonomic misplacement in the tree were removed and the analysis done 

anew. ETE3S13 was used to visualize the tree and alignments. 

Data Availability 

Sequence alignments of phylogenetic trees are available from Dryad Digital Repository 

(https://doi.org/10.5061/dryad.8kprr4xmt). 
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Stramenopiles-Vaucheria_litorea_Strain_CCMP2940_CP0199156642

ChlamydiaeVerrucomicrobia-Verrucomicrobium_sp_BvORR106_gi740323394

Haptophyta (2 tips)

Firmicutes-Blautia_sp._AF262_WP_117801945.1

Amoebozoa (2 tips)

Verrucomicrobia-Prosthecobacter_fusiformis_WP_133793862.1

Verrucomicrobia-Candidatus_Xiphinematobacter_sp._Idaho_Grape_WP_062100867.1

Amoebozoa (2 tips)

Viridiplantae-Arabidopsis_thaliana_sp_Q8L7S9_Thioredoxin_Y2__chloroplastic

Acidobacteria-Acidisarcina_polymorpha_WP_114210265.1

Alveolata-Oxyrrhis_marina_MMETSP1426_c79020_g1_i1.p2

Viridiplantae-Chlamydomonas_reinhardtii_dxA8IQA9

Viridiplantae-Chlamydomonas_reinhardtii_dxQ84XR9

Cryptophyta-Cryptomonas_paramecium_CP0113687610

Metazoa-Opisthorchis_viverrini_XP_009165699.1

Longamoebia-Acanthamoeba_castellanii_XP_004351572.1

Alveolata-Durinskia_baltica_MMETSP0117_c70367_g1_i1.p1

Rhizaria-Paulinella_chromatophora_scaffold16773-size830_m.99823

Excavata-Giardia_intestinalis_XP_001707782.1

Alveolata-Alexandrium_temarense_CCMP1771_CP0186338952

Rhodophyta-Chondrus_crispus_gi546326041

Planctomycetes-Rhodopirellula_baltica_gi499435273

Mesomycetozoea-Sphaeroforma_arctica_XP_014149227.1

Aquificae (2 tips)

Stramenopiles-Aureococcus_anophagefferens_dxF0YEZ5

Rhizaria-Lotharella_globosa_CCCM811_CP0190155574

Glaucophyta-Cyanoptyche_gloeocystis_Strain_SAG4_97_CP0196653604

Planctomycetes-Thermogutta_terrifontis_WP_095416942.1

Archaea (3 tips)

bacterium_endosymbiont_of_Bathymodiolus_sp._5_South_WP_139659981.1

Rhizaria (3 tips)

Bacteria-Acidobacteria-Thermoanaerobaculum_aquaticum_WP_038049

Alveolata-Alexandrium_temarense_CCMP1771_CP0186323440

Rhizaria-Paulinella_chromatophora_scaffold12955-size1047_m.85383

Glaucophyta-Cyanoptyche_gloeocystis_Strain_SAG4_97_CP0196662268

Rhodophyta-Erythrolobus_australicus_MMETSP1353_c1492_g1_i1.p1

Choanoflagellida-Salpingoeca_rosetta_dxF2UQF0

Archaea (4 tips)

Metazoa (11 tips)

Cyanobacteria (2 tips)

Firmicutes-Desulfovirgula_thermocuniculi_WP_027719327.1

Excavata-Diplomonadida-Giardia_intestinalis_XP_001706090.1

Fusobacteria-Leptotrichia_wadei_WP_021746452.1

Rhodophyta-Chondrus_crispus_gi546325072

Rhizaria-Lotharella_globosa_CCCM811_CP0190165538

Haptophyta (3 tips)

Archaea-Euryarchaeota-Archaeoglobus_veneficus_WP_013682912.1

Alveolata-Alexandrium_temarense_CCMP1771_CP0186186114

Amoebozoa-Entamoeba_dispar_XP_001736185.1

Glaucophyta (2 tips)

Viridiplantae-Arabidopsis_thaliana_dxQ9SEU6 (Thioredoxin M4, chloroplastic)

Stramenopiles-Ectocarpus_siliculosus_dxD8LNL3

Cryptophyta-Goniomonas_sp_MMETSP0114_c1048_g1_i1.p1

Fungi (10 tips)

Metazoa-Homo_sapiens_dxQ8IXB1

Viridiplantae-Lactuca_sativa_XP_023749312.1

Euglenida-like_MMETSP0811_c431_g1_i1.p1

Excavata-Naegleria_gruberi_XP_002682926.1

Tenericutes (3 tips)

Fungi (5 tips)

Amoebozoa-Acanthamoeba_castellanii_str_Neff_gi470419606

Rhizaria-Sorites_sp_MMETSP0191_c25811_g1_i1.p1

Haptophyta-Gephyrocapsa_oceanica_RCC1303_CP0188171374

Nitrospirae-Leptospirillum_ferriphilum_gi740721364

Viridiplantae-Arabidopsis_thaliana_sp_Q9XFH8 (Thioredoxin F1, chloroplastic)

Stramenopiles-Heterosigma_akashiwo_MMETSP0416_c11159_g1_i1.p1

Rhizaria-Paulinella_chromatophora_scaffold26240-size528_m.128845

Actinobacteria (3 tips)

Fungi-Cyberlindnera_jadinii_XP_020068673.1

Metazoa-Opisthorchis_viverrini_XP_009165699.1

Chlamydiae-NA_WP_039383738.1

Rhodophyta-Porphyridium_purpureum_dxContig3385x3

Fungi-Melampsora_larici_populina_98AG31_dxF4RVG1

Excavata-Eutreptiella_gymnastica-like_MMETSP0810_c8867_g1_i1.p1

Haptophyta-Chrysochromulina_brevifilum_MMETSP1094_c14011_g1_i1.p1

Amoebazoa (2 tips)

Haptophyta-Emiliania_huxleyi_CCMP1516_dxR1CPG6

Rhizaria-Lotharella_globosa_CCCM811_CP0190171358

Metazoa-Strongylocentrotus_purpuratus_XP_787070.1

Firmicutes-NA_WP_018595538.1

Viridiplantae-Chlamydomonas_reinhardtii_dxA8JGN2

Haptophyta-Gephyrocapsa_oceanica_RCC1303_CP0188194374

Fungi-Lobosporangium_transversale_XP_021880767.1

Rhodophyta-Chondrus_crispus_gi546317271

Metazoa (2 tips)

Amoebazoa-Entamoeba_invadens_XP_004184196.1

Viridiplantae-Arabidopsis_thaliana_dxQ9FG36

Rhizaria-Bigelowiella_natans_CCMP2755_jgi88066

Excavata-Neobodo_designis_Strain_CCAP_1951_1_CP0174839950

Rhizaria-Paulinella_micropora_V4_g4155.t1

Stramenopiles-Aureococcus_anophagefferens_dxF0Y1Z9

Alveolata-Alexandrium_temarense_CCMP1771_CP0186272698

Excavata-Neobodo_designis_Strain_CCAP_1951_1_CP0174840308

Amoebozoa-Filamoeba_nolandi_MMETSP0413_c4667_g1_i1.p1

Metazoa-Pomacea_canaliculata_XP_025083634.1

Rhodophyta-Porphyridium_purpureum_dxContig2075x4

Rhizaria-Rosalina_sp_CP0201592494

Metazoa-Acanthaster_planci_XP_022093541.1

Choanoflagellata-Monosiga_brevicollis_XP_001744423.1

Haptophyta-Emiliania_huxleyi_CCMP1516_dxR1C852

Bacteroidetes-Anaerorhabdus_furcosa_WP_078711515.1

Haptophyta (3 tips)

Amoebozoa-Pessonella_sp_MMETSP0420_c14341_g1_i1.p1

Amoebozoa-Dictyostelium_discoideum_XP_643357.1

Cryptophyta-Geminigera_cryophila_MMETSP0799_c50636_g1_i1.p1

Rhizaria-Paulinella_chromatophora_scaffold15851-size878_m.96520

Cyanobacteria-Anabaena_sp_90_gi504896537

Chloroflexi-Thermogemmatispora_tikiterensis_WP_112427948.

Viridiplantae (4 tips)

Metazoa-Saccoglossus_kowalevskii_XP_006822377.1

Excavata (2 tips)

Fungi-Mitosporidium_daphniae_XP_013237999.1

Rhodophyta-Galdieria_sulphuraria_YNP55871_G5765.1

Amoebozoa (2 tips)

Chloroflexi (4 tips)

Archaea-Haloquadratum_walsbyi_gi499890160

Metazoa-Galendromus_occidentalis_XP_003740903.1

Fungi (6 tips)

Cyanobacteria (5 tips)

Alveolata-Karenia_brevis_CCMP2229_CP0188984326

Alveolata-Karenia_brevis_CCMP2229_CP0188898826

Glaucophyta-Cyanoptyche_gloeocystis_Strain_SAG4_97_CP0196656222

Viridiplantae-Arabidopsis_thaliana_dxQ9STJ4

Alveolata-Vitrella_brassicaformis_MMETSP1451_c6929_g1_i1.p1

Excavata (2 tips)

Cryptophyta-Cryptomonas_paramecium_CP0113697850

Alveolate (2 tips)

Cryptophyta-Hanusia_phi_MMETSP1048_c30837_g1_i1.p1

Chlamydiae (3 tips)

Fungi (6 tips)

Glaucophyta-Cyanoptyche_gloeocystis_Strain_SAG4_97_CP0196654210

Acidobacteria-Holophaga_foetida_WP_005035400.1

Rhizaria-Paulinella_chromatophora_scaffold11899-size1123_m.80931

Rhodophyta (2 tips)

Stramenopiles-Florenciella_parvula_MMETSP1344_c9115_g1_i1.p1

Aquificae-Thermosulfidibacter_takaii_WP_068549367.1

Rhizaria-Sorites_sp_CP0114647532

Rhodophyta-Galdieria_sulphuraria_dxM2XCV3

Viridiplantae-Arabidopsis_thaliana_sp_Q9M7X9 (Thioredoxin-like protein CITRX, chloroplastic)

Viridiplantae-Chlorophyta-Pterosperma_sp_MMETSP1438_c38020_g1_i1.p1

Kiritimatiellaeota-Kiritimatiellales_bacterium_WP_136062529.1

Bacteroidetes-Dysgonomonas_sp._MarseilleP4361_WP_108823088.1

Alveolata-Alexandrium_temarense_CCMP1771_CP0186337798

Aquificae-Persephonella_marina_gi506379167

Choanoflagellata-Acanthoeca_sp_MMETSP0106_c11490_g1_i1.p2

Viridiplantae-Chlamydomonas_reinhardtii_dxQ84XS0

Viridiplantae-Chlamydomonas_reinhardtii_dxQ84XS2

Metazoa-Homo_sapiens_dxQ8N807

Armatimonadetes-Fimbriimonas_ginsengisoli_WP_025229196.1

Stramenopiles-Aureococcus_anophagefferens_dxF0YFS6

Perkinsozoa-Perkinsus_marinus_XP_002788655.1

Alveolata-Karenia_brevis_CCMP2229_CP0188985818

Cryptophyta (3 tips)
Viridiplantae-Chlamydomonas_reinhardtii_dxA8J0Q8

Mesomycetozoea-Capsaspora_owczarzaki_XP_004365843.1

Viridiplantae-Chlamydomonas_reinhardtii_sp_P23400

Rhizaria-Lotharella_globosa_CCCM811_CP0190153642

Alveolata (2 tips)

Rhizaria-Reticulomyxa_filosa_dxX6LL69

Cryptophyta-Cryptomonas_paramecium_CP0113691200

Rhizaria-Sorites_sp_CP0114676342

Haptophyta-Scyphosphaera_apsteinii_MMETSP1333_c1635_g1_i1.p1

Bacteroidetes-Pedobacter_sp._Leaf194_WP_056870355.1

Cyanobacteria (4 tips)

Streptophyta-Daucus_carota_XP_017236843.1

Amoebozoa-Acanthamoeba_castellanii_str_Neff_gi470514911

Alveolata-Karenia_brevis_CCMP2229_CP0188997504

Stramenophiles (2 tips)

Alveolata-Karenia_brevis_CCMP2229_CP0188940664

Alveolata-Perkinsus_chesapeaki_MMETSP0925_c5692_g1_i1.p1

Rhizaria-Elphidium_margaritaceum_CP0202706724

Cyanobacteria (4 tips)

Haptophyta-Gephyrocapsa_oceanica_RCC1303_CP0188205440

Cryptophyta-Cryptomonas_paramecium_CP0113665376

Excavata-Eutreptiella_gymnastica_like_Strain_CCMP1594_CP0200420470

Metazoa-Amphimedon_queenslandica_XP_003383163.1

Viridiplantae-Chlamydomonas_reinhardtii_dxA8J7H6

Bacteroidetes-Algoriphagus_hitonicola_WP_092792850.1

Viridiplantae-Arabidopsis_thaliana_dxQ8LD49 (Thioredoxin X, chloroplastic)

Amoebozoa-Vexillifera_sp_MMETSP0173_c3289_g1_i2.p1

Rhodophyta-Porphyridium_purpureum_dxContig4408x17

Rhizaria-Lotharella_globosa_CCCM811_CP0190175618

Metazoa (2 tips)

Rhodophyta-Chondrus_crispus_gi546314893

Rhodophyta (3 tips)

Excavates-Percolomonas_cosmopolitus_MMETSP0759_c564_g1_i1.p1

Bacteroidetes-Lutibacter_flavus_WP_089379648.1

Metazoa (8 tips)

Rhizaria (2 tips)

Verrucomicrobia-Opitutaceae_bacterium_EW11_WP_107745768.1

Alveolata-Karenia_brevis_CCMP2229_CP0188998934

Viridiplantae-Arabidopsis_thaliana_dxF4HPP4 (Thioredoxin family protein)

Proteobacteria (2 tips)

Viridiplantae-Arabidopsis_thaliana_dxQ8VWG7 (TPR repeat-containing thioredoxin TDX)

Metazoa-Schistosoma_haematobium_XP_012801331.1

Metazoa-Helobdella_robusta_XP_009023366.1

Rhizaria-Paulinella_micropora_KR01_PCKR_721_(chromatophore genome encoded)

Lentisphaerae-Lentisphaera_araneosa_WP_083800052.1

Viridiplantae-Zea_mays_NP_001105811.1

Metazoa (7 tips)

Amoebozoa-Dictyostelium_fasciculatum_dxF4PJU6

Haptophyta (3 tips)

Alveolate-Climacostomum_virens_MMETSP1397_c11199_g1_i1.p3

Rhizaria-Sorites_sp_CP0114682822

Actinobacteria (2 tips)

Rhodophyta-Porphyridium_purpureum_dxContig3401x6

Fungi (2 tips)

Stramenopiles-Aureococcus_anophagefferens_dxF0YBY3

Armatimonadetes-Fimbriimonas_ginsengisoli_WP_025227431.1

Alveolata-Tiarina_fusus_MMETSP0472_c84478_g1_i1.p2

Rhizaria-Paulinella_ovalis_SAG2_utg7180000024345.SAG2_utg7180000024345.g94.t1

Alveolata-Karenia_brevis_CCMP2229_CP0188916916

Haptophyta-Pavlova_sp_MMETSP1381_TR1700-c0_g1_i1.p1

Amoebozoa-Stygamoeba_regulata_MMETSP0447_c47636_g1_i1.p2

Haptophyta-Chrysoculter_rhomboideus_MMETSP1335_c10348_g1_i1.p2

Viridiplantae-Chlamydomonas_reinhardtii_dxA8IZR5

Alveolata-Alexandrium_temarense_CCMP1771_CP0186364496

Cyanobacteria-unicellular_cyanobacterium_SU2_WP_085433323.1

Viridiplantae-Pyramimonas_obovata_MMETSP1169_c34372_g1_i1.p1

Haptophyta-Imantonia_sp_MMETSP1474_c4105_g1_i1.p2

Glaucophyta-Cyanoptyche_gloeocystis_Strain_SAG4_97_CP0196655076

Firmicutes-Eubacterium_callanderi_WP_090411942.1

Stramenophiles (2 tips)

Rhodophyta-Porphyridium_purpureum_dxContig2031x22

Viridiplantae-Selaginella_moellendorffii_XP_024540087.1

Choanoflagellida-Salpingoeca_rosetta_dxF2U7A3

Mesomycetozoea-Capsaspora_owczarzaki_XP_004345172.2

Choanoflagellata-Monosiga_brevicollis_XP_001748802.1

Rhizaria-Lotharella_globosa_CCCM811_CP0190173104

Amoebozoa-Acanthamoeba_castellanii_str_Neff_gi470451627

Apusomonadidae-Thecamonas_trahens_XP_013753867.1

Alveolata-Perkinsus_chesapeaki_MMETSP0924_c6862_g1_i1.p1

Stramenophiles (3 tips)

Alveolata-Symbiodinium_sp_MMETSP1377_c101064_g1_i1.p1

Actinobacteria-Arthrobacter_sp._OV608_WP_091418143.1

Metazoa (4 tips)

Excavata-Eutreptiella_gymnastica_like_Strain_CCMP1594_CP0200392886

Viridiplantae-Arabidopsis_thaliana_dxO22779 (Thioredoxin-like 1-3, chloroplastic)

Alveolata-Alexandrium_temarense_CCMP1771_CP0186408864

Cryptophyta-Cryptomonas_paramecium_CP0113700948

Cryptophyta-Guillardia_theta_CCMP2712_gi551652072
Cyanobacteria-Synechocystis_sp._strain_PCC_6803_sp_P52231

Rhizaria-Paulinella_micropora_V4_g38191.t1

Trichomonadida-Trichomonas_vaginalis_XP_001302480.1

Stramenophiles (2 tips)

Stramenophiles (2 tips)

Glaucophyta-Gloeochaete_wittrockiana_MMETSP1089_c46672_g1_i1.p1

Stramenophiles (3 tips)

Alveolata-Perkinsus_marinus_XP_002769792.1

Stramenophiles (2 tips)

Metazoa-Lingula_anatina_XP_013417153.1

Viridiplantae (3 tips)

Apusomonadidae-Thecamonas_trahens_XP_013756313.1

Metazoa (9 tips)

Rhizaria (3 tips)

Cryptophyta-Rhodomonas_lens_MMETSP0484_c58264_g1_i1.p1

Rhizaria (2 tips)

Stramenopiles-Ochromonas_sp_MMETSP0005_c4767_g1_i1.p1

Amoebozoa-Acanthamoeba_castellanii_XP_004340793.1

Cyanobacteria (6 tips)

Cyanobacteria (6 tips)

Apicomplexa-Babesia_sp._Xinjiang_XP_028871149.1

Cryptophyta-Guillardia_theta_CCMP2712_gi551671981

Viridiplantae-Glycine_max_dxI1KDX9

Cryptophyta-Hemiselmis_andersenii_MMETSP1043_c17801_g1_i1.p1

Metazoa--Acropora_millepora_XP_029189521.1

Amoebozoa-Entamoeba_nuttalli_XP_008857442.1

Alveolata-Karenia_brevis_CCMP2229_CP0188912638

Spirochaetes-Leptospira_meyeri_WP_020776049.1

Alveolata-Paramecium_tetraurelia_dxA0E7R0

Metazoa-Priapulus_caudatus_XP_014678632.1

Viridiplantae-Chlamydomonas_reinhardtii_dxA8IYP5

Stramenopiles-Ectocarpus_siliculosus_dxD8LK23

Cryptophyta-Guillardia_theta_CCMP2712_gi551676879

Cyanobacteria-Synechococcus_gi501264946

Elusimicrobia-Endomicrobium_proavitum_WP_052570599.1
Planctomycetes-Phycisphaerae_bacterium_STNAGABD1_WP_146662425.1

Rhodophyta-Chondrus_crispus_XP_005712420.1

Metazoa-Helobdella_robusta_XP_009010558.1

Longamoebia-Acanthamoeba_castellanii_XP_004333300.1

Alveolata-Chromera_velia_MMETSP0290_c15731_g1_i1.p1

Rhizaria-Paulinella_chromatophora_scaffold8548-size1418_m.65412

Rhizaria-Ammonia_sp_MMETSP1384_c19608_g1_i1.p1

Rhizaria-Reticulomyxa_filosa_dxX6MMU7

Amoebozoa (5 tips)

Cryptophyta-Guillardia_theta_CCMP2712_gi551656378

Haptophyta-Calcidiscus_leptoporus_MMETSP1334_c9247_g1_i1.p1

Alveolata-Alexandrium_temarense_CCMP1771_CP0186335026

Alveolata-Karenia_brevis_CCMP2229_CP0188853918

DeinococcusThermus-Deinococcus_cellulosilyticus_WP_146882924.1

Fonticulida-Fonticula_alba_XP_009498091.1

CandidatusCloacimonetes-Candidatus_Syntrophosphaera_thermopropionivorans_WP_133201671.1

Actinobacteria-Propionimicrobium_lymphophilum_WP_028821719.1

Stramenopiles-Ectocarpus_siliculosus_dxD8LIE0

Viridiplantae-Arabidopsis_thaliana_dxQ8LDI5 (Thioredoxin-like protein CXXS1)

Excavata-Eutreptiella_gymnastica_like_Strain_CCMP1594_CP0200404442

Rhizaria-Sorites_sp_CP0114653854

Glaucophyta-Cyanoptyche_gloeocystis_Strain_SAG4_97_CP0196656568

Excavata-Trypanosoma_brucei_XP_011775060.1

Excavata (2 tips)

Stramenopiles-Schizochytrium_aggregatum_MMETSP0962_c935_g1_i1.p1

Choanoflagellata-Acanthoeca_sp_MMETSP0105_c30845_g1_i1.p1

Chlorobi-Chlorobaculum_limnaeum_WP_069809894.1

Firmicutes-Clostridium_sp._ATCC_25772_WP_061995352.1

Alveolata_sp_MMETSP0288_c28132_g1_i1.p2

Fungi (8 tips)

Palpitomonas-Palpitomonas_bilix_MMETSP0780_c12010_g1_i1.p2

Alveolata-Karenia_brevis_CCMP2229_CP0188873186

Cryptophyta-Cryptomonas_paramecium_CP0113665650

Abditibacteriota-Abditibacterium_utsteinense_WP_105483158.1

Excavata-Percolomonas_cosmopolitus_MMETSP0758_c10328_g1_i1.p1

Stramenopiles-Ectocarpus_siliculosus_dxD7FW75

Euglenida-Neobodo_designis_MMETSP1114_c9319_g2_i1.p1

Alveolata-Symbiodinium_sp_MMETSP1377_c78629_g1_i1.p1

Glaucophyta-Cyanophora_paradoxa_dxRU5482

Euglenida-like_MMETSP0811_c64169_g1_i1.p1

Cristidiscoidea-Fonticula_alba_XP_009496702.1

Metazoa (2 tips)

Rhodophyta-Galdieria_sulphuraria_dxM2XHT7

Glaucophyta (2 tips)

Metazoa-Opisthorchis_viverrini_XP_009162786.1

Palpitomonas-Palpitomonas_bilix_MMETSP0780_c12010_g2_i2.p1

Viridiplantae-Glycine_max_dxK7K8P4

Rhizaria-Paulinella_chromatophora_scaffold14993-size922_m.93369

Rhizaria-Rosalina_sp_CP0201564650

Rhizaria-Reticulomyxa_filosa_dxX6NXX6

Alveolata-Karenia_brevis_CCMP2229_CP0188941360

Stremanophiles (2 tips)

Metazoa-Biomphalaria_glabrata_XP_013063392.1

Rhizaria-Paulinella_chromatophora_PCC_0738 (chromatophore genome encoded)

Proteobacteria-Helicobacter_ailurogastricus_WP_053940763.1

Viridiplantae-Arabidopsis_thaliana_dxO23166 (Thioredoxin-like protein HCF164, chloroplastic)

Haptophyta-Gephyrocapsa_oceanica_RCC1303_CP0188163488

Cryptophyta-Guillardia_theta_CCMP2712_gi551641368

Viridiplantae-Stichococcus_sp_MMETSP1473_c1786_g1_i3.p1

Viridiplantae-Chlamydomonas_reinhardtii_dxA8J8H1

Palpitea-Palpitomonas_bilix_MMETSP0780_c13937_g1_i2.p1

Chloroflexi-Dehalococcoides_mccartyi_gi499238896

Rhodophyta (2 tips)

Tenericutes (2 tips)

Alveolata-Karenia_brevis_CCMP2229_CP0188996760

Rhodophyta-Cyanidioschyzon_merolae_CmerSOOS_G270.1

Thermodesulfobacteria-Thermodesulfatator_atlanticus_gi551229067

Stramenopiles-Ectocarpus_siliculosus_dxD7FRY2

Cryptophyta (2 tips)

Apicomplexa-Besnoitia_besnoiti_XP_029216413.1

Cryptophyta-Cryptomonas_paramecium_CP0113698730

Excavata-Giardia_intestinalis_XP_001709021.1

Metazoa-Entamoeba_histolytica_XP_650651.1

Viridiplantae-Glycine_max_dxI1K367

Viridiplantae-Arabidopsis_thaliana_dxQ9C9Y6 (Thioredoxin H9)

Amoebozoa-Stereomyxa_ramosa_MMETSP0439_c61_g1_i1.p1

Amoebozoa-Stygamoeba_regulata_MMETSP0447_c2521_g1_i1.p2

Alveolata-Paramecium_tetraurelia_dxA0BUK5

Stramenopiles-Aurantiochytrium_limacinum_jgi86370

Alveolate (2 tips)

DeinococcusThermus-Thermus_scotoductus_WP_126247698.1

Cryptophyta (2 tips)

Alveolata-Strombidinopsis_acuminatum_MMETSP0126_c46166_g1_i1.p1

Rhizaria-Paulinella_chromatophora_scaffold7220-size1567_m.58497

Fibrobacteres-NA_WP_100426603.1

Rhizaria-Paulinella_chromatophora_PCC_0772_Thioredoxin (chromatophore encoded)

Fungi-Mucor_circinelloides_jgi31889

Amoebazoa-Entamoeba_invadens_XP_004257767.1

Cryptophyta-Cryptomonas_paramecium_CP0113683652

Euglenida-like_MMETSP0811_c43138_g1_i1.p1

Bacteroidetes-Olivibacter_sp._XZL3_WP_134088827.1

Actinobacteria (3 tips)

Rhizaria-Lotharella_globosa_CCCM811_CP0190174750

Metazoa-Caenorhabditis_briggsae_XP_002646157.1

Rhizaria-Paulinella_micropora_V4_g41691.t1

Alveolata-Strombidium_rassoulzadegani_MMETSP0449_c16889_g1_i1.p1

Metazoa-Nematostella_vectensis_XP_001639231.1

Choanoflagellida-Salpingoeca_rosetta_dxF2UP30

Stramenopiles-Fragilariopsis_kerguelensis_MMETSP0909_c5650_g1_i1.p1

Alveolata-Tiarina_fusus_MMETSP0472_c96153_g1_i1.p1

Glaucophyta-Gloeochaete_wittrockiana_MMETSP1089_c12355_g1_i1.p1

Haptophyta-Gephyrocapsa_oceanica_RCC1303_CP0188222304

Viridiplantae-Chlamydomonas_reinhardtii_dxQ84XR8

Palpitea-Palpitomonas_bilix_MMETSP0780_c7471_g1_i2.p1

Alveolata (2 tips)

Rhizaria-Paulinella_micropora_V4_g63005.t1

Amoebozoa-Entamoeba_histolytica_XP_651032.1

Viridiplantae (7 tips including Arabidopsis_thaliana_Thidoredoxin H type)

Choanoflagellida-Salpingoeca_rosetta_dxF2UQE1

Cryptophyta-Cryptomonas_paramecium_CP0113710314

Viridiplantae-Glycine_max_dxC6T1N8

Rhizaria (4 tips)

Viridiplantae-Glycine_max_dxI1J4B6

Stramenophiles (2 tips)

Amoebozoa-Dictyostelium_fasciculatum_dxF4Q6X2

Actinobacteria-Streptomyces_gi493101468

Alveolata-Paramecium_tetraurelia_dxA0BL69

Alveolata (2 tips)

Choanoflagellata-Monosiga_brevicollis_XP_001745181.1

Rhodophyta (2 tips)

Viridiplantae-Arabidopsis_thaliana_dxQ9SGS4 (Thioredoxin-like protein CDSP32, chloroplastic)

Rhizaria-Elphidium_margaritaceum_MMETSP1385_c28335_g1_i1.p1

BacteroidetesChlorobi-Bacteroides_gi492316520

Rhizaria-Lotharella_globosa_CCCM811_CP0190174326

candidatedivisionNC10-candidate_division_NC10_bacterium_WP_116478419.1
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** 514 aaPlastidic G6PDH (Solanum tuberosum)
Transit peptide

B

Chloroflexi-Ktedonobacter_racemifer_gi495181694

Viridiplantae-Oryza_sativa_subsp_Japonica_dxQ75IZ9

Rhodophyta-Porphyridium_aerugineum_Strain_SAG_1380_2_CP0184691384

Rhodophyta-Gracilariopsis_chorda_GRC0056GENE4447

Cyanobacteria-Prochlorococcus_gi499437812

Metazoa-Bos_taurus_dxF1MMK2

Viridiplantae-Sorghum_bicolor_dxC5YD77

Amoebozoa-Acanthamoeba_castellanii_str_Neff_gi470436108

Viridiplantae-Zea_mays_dxK7U267

Cyanobacteria-Anabaena_sp_90_gi504893715
Cyanobacteria-Fischerella_gi497073037

Viridiplantae-Volvox_carteri_f_nagariensis_dxD8U2R5

Excavata-Neobodo_designis_Strain_CCAP_1951_1_CP0174846310

Rhodophyta-Galdieria_sulphuraria_dxM2WW89

Viridiplantae-Glycine_max_dxI1JDT9

Amoebozoa-Dictyostelium_fasciculatum_dxF4PW42

Stramenopiles-Saprolegnia_parasitica_CBS_223_65_dxA0A067BSB0

Cyanobacteria-Prochloron_didemni_gi750647857

Rhodophyta-Galdieria_sulphuraria_dxM2X737

Aquificae-Hydrogenobacter_thermophilus_gi502728044

Nitrospirae-Leptospirillum_ferriphilum_gi504774718

Planctomycetes-Rhodopirellula_baltica_gi494543274

Alveolata-Plasmodium_cynomolgi_strain_B_gi457874504

Stramenopiles-Saprolegnia_diclina_VS20_gi669144808

Cyanobacteria-Synechocystis_sp_PCC_6803_gi499174494

Fungi-Botrytis_fuckeliana_BcDW1_dxM7UKQ4

Planctomycetes-Singulisphaera_acidiphila_gi505057239

Viridiplantae-Arabidopsis_thaliana_dxQ93ZW0

Rhodophyta-Porphyridium_aerugineum_Strain_SAG_1380_2_CP0184694876

Viridiplantae-Ostreococcus_tauri_dxA0A090M1N8

Glaucophyta-Cyanoptyche_gloeocystis_Strain_SAG4_97_CP0196654126

Rhizaria-Paulinella_chromatophora_scaffold3969-size2060_m.38789

Proteobacteria-Escherichia_coli_gi446223882

Viridiplantae-Chlorella_variabilis_dxE1ZGF1

Rhodophyta-Cyanidioschyzon_merolae_strain_10D_gi544211962

Thermotogae-Thermotoga_gi495470909

Planctomycetes-Zavarzinella_formosa_gi657928941

Rhodophyta-Erythrolobus_australicus_Strain_CCMP3124_CP0185830556

Rhodophyta-Rhodosorus_marinus_CP0113961904

Stramenopiles-Aphanomyces_invadans_gi673033994

Alveolata-Alexandrium_temarense_CCMP1771_CP0186223452

Rhodophyta-Cyanidioschyzon_merolae_strain_10D_gi544216391

Cyanobacteria-Synechococcus_gi499563295

Rhodophyta-Rhodosorus_marinus_Strain_UTEX_LB_2760_CP0184743544

Fungi-Melampsora_larici_populina_98AG31_dxF4R780

Glaucophyta-Cyanophora_paradoxa_dxRU29679

Alveolata-Plasmodium_knowlesi_strain_H_dxB3L9N1

Stramenopiles-Ectocarpus_siliculosus_dxD7FLD0

Rhodophyta-Porphyridium_purpureum_dxContig2186x3

Metazoa-Drosophila_melanogaster_dxP12646

Rhodophyta-Erythrolobus_madagascarensis_Strain_CCMP3276_CP0185846016

Viridiplantae-Oryza_sativa_subsp_Japonica_dxQ7EYK9

Alveolata-Vitrella_brassicaformis_CCMP3155_dxVbra13583

Actinobacteria-Streptomyces_gi490067701

Viridiplantae-Glycine_max_dxF8SMC3

ChlamydiaeVerrucomicrobia-Chlamydia_psittaci_gi504756344

Haptophyta-Gephyrocapsa_oceanica_RCC1303_CP0188161440

Glaucophyta-Cyanoptyche_gloeocystis_Strain_SAG4_97_CP0196651972

Viridiplantae-Arabidopsis_thaliana_dxQ8L743

Stramenopiles-Vaucheria_litorea_Strain_CCMP2940_CP0199147000

Rhodophyta-Timspurckia_oligopyrenoides_Strain_CCMP3278_CP0182451510

Chloroflexi-Chloroflexus_gi501213387

Alveolata-Prorocentrum_minimum_CCMP2233_CP0191040134

Rhizaria-Paulinella_micropora_KR01_g9229.t1

Viridiplantae-Oryza_sativa_subsp_Japonica_dxQ10M94

Stramenopiles-Heterosigma_akashiwo_CCMP2393_CP0188557384

Rhodophyta-Erythrolobus_australicus_Strain_CCMP3124_CP0185834022

Viridiplantae-Zea_mays_dxC0PIW1

Aquificae-Hydrogenivirga_sp_128_5_R1_1_gi495561375

Alveolata-Prorocentrum_minimum_CCMP2233_CP0191085494

Planctomycetes-Zavarzinella_formosa_gi521964852

Stramenopiles-Phytophthora_sojae_dxG4ZKL1

Excavata-Eutreptiella_gymnastica_like_Strain_CCMP1594_CP0200391918

Viridiplantae-Glycine_max_dxK7KZ04

Nitrospirae-Leptospirillum_ferriphilum_gi738125770

Alveolata-Plasmodium_berghei_ANKA_dxQ4YTD4

Glaucophyta-Gloeochaete_witrockiana_SAG46_84_CP0194019114

Chloroflexi-Ktedonobacter_racemifer_gi495180610

Fungi-Laccaria_bicolor_S238N_H82_dxB0CYC3

Firmicutes-Staphylococcus_aureus_gi446027209

Alveolata-Plasmodium_falciparum_3D7_dxQ8IKU0

Stramenopiles-Thalassiosira_pseudonana_CCMP1335_dxB8C3E7

Proteobacteria-Burkholderia_pseudomallei_gi740961160

Stramenopiles-Phytophthora_infestans_T30_4_dxD0MT03

Viridiplantae-Ostreococcus_sp_RCC809_jgi57297

Rhizaria-Paulinella_chromatophora_scaffold2155-size2616_m.25388

Rhodophyta-Pyropia_yezoensis_dxContig36596g8683

Stramenopiles-Aphanomyces_astaci_gi698786141

BacteroidetesChlorobi-Bacteroides_gi496038913

Stramenopiles-Fragilariopsis_cylindrus_CCMP1102_jgi179718

Rhodophyta-Rhodosorus_marinus_CP0113963338

Rhizaria-Paulinella_micropora_KR01_g40784.t1

Metazoa-Danio_rerio_dxE7FDY7

Viridiplantae-Arabidopsis_thaliana_dxQ43727 (chloroplastic)

Haptophyta-Isochrysis_galbana_CCMP1323_CP0193655468

Cryptophyta-Hemiselmis_andersenii_Strain_CCMP439_CP0172006164

Metazoa-Homo_sapiens_dxP11413

Haptophyta-Phaeocystis_Sp_Strain_CCMP2710_CP0118847282

Alveolata-Plasmodium_inui_San_Antonio_1_gi672185561

Viridiplantae-Chlorella_variabilis_dxE1ZKL7

Rhodophyta-Porphyridium_purpureum_dxContig2118x8

Rhodophyta-Chondrus_crispus_gi546322194

Viridiplantae-Glycine_max_dxI1JR33

Alveolata-Plasmodium_yoelii_yoelii_17XNL_dxQ7RRD8

Cryptophyta-Hemiselmis_andersenii_Strain_CCMP439_CP0172006452

Amoebozoa-Dictyostelium_discoideum_dxQ557D2

Rhodophyta-Porphyridium_aerugineum_Strain_SAG_1380_2_CP0184695952

Rhodophyta-Rhodosorus_marinus_CP0113969472

Amoebozoa-Dictyostelium_purpureum_dxF0ZC67

Alveolata-Polarella_glacialis_Strain_CCMP_1383_CP0115066950

Glaucophyta-Gloeochaete_witrockiana_SAG46_84_CP0193997418

Stramenopiles-Saprolegnia_diclina_VS20_gi669150202

Viridiplantae-Micromonas_pusilla_CCMP1545_dxC1MLX0

Cyanobacteria-Cyanothece_gi501594411

Rhodophyta-Gracilariopsis_chorda_GRC0110GENE6277

Alveolata-Polarella_glacialis_Strain_CCMP_1383_CP0115071458

Choanoflagellida-Monosiga_brevicollis_dxA9UYL2

Glaucophyta-Gloeochaete_witrockiana_SAG46_84_CP0194018708

Metazoa-Mus_musculus_dxQ00612

Rhizaria-Paulinella_micropora_KR01_g58255.t1

Haptophyta-Emiliania_huxleyi_CCMP1516_dxR1DD49

Rhodophyta-Pyropia_yezoensis_dxContig28711g7063

BacteroidetesChlorobi-Parabacteroides_gi491861994

Stramenopiles-Thraustochytrium_sp_LLF1b_CP0193123736

Rhizaria-Lotharella_globosa_CCCM811_CP0190150766

Alveolata-Plasmodium_vivax_Sal_1_dxA5K3M1

Stramenopiles-Phytophthora_parasitica_INRA_310_gi675202963

Haptophyta-Isochrysis_galbana_CCMP1323_CP0193644976

Haptophyta-Pavlova_sp_CCMP459_CP0190505336

Stramenopiles-Saprolegnia_parasitica_CBS_223_65_dxA0A067CLI6

Rhodophyta-Rhodosorus_marinus_Strain_UTEX_LB_2760_CP0184753608

Planctomycetes-Singulisphaera_acidiphila_gi505058433

Viridiplantae-Micromonas_sp_RCC299_dxC1E0H9

Alveolata-Scrippsiella_hangoei_SHTV5_CP0191813880

Viridiplantae-Ostreococcus_lucimarinus_CCE9901_dxA4RY48

Stramenopiles-Aphanomyces_astaci_gi698793318

Cyanobacteria-Cyanothece_gi497230511

Rhizaria-Bigelowiella_natans_CCMP2755_jgi33972

Viridiplantae-Arabidopsis_thaliana_dxQ9FY99

Stramenopiles-Heterosigma_akashiwo_CCMP2393_CP0188555824

Haptophyta-Isochrysis_galbana_CCMP1323_CP0193691508

Viridiplantae-Micromonas_sp_RCC299_dxC1FH53

Viridiplantae-Zea_mays_dxC0PFX0

Stramenopiles-Aphanomyces_invadans_gi673038838

Viridiplantae-Arabidopsis_thaliana_dxQ9FJI5 (cytoplasmic)

Stramenopiles-Fragilariopsis_cylindrus_CCMP1102_jgi207660

Viridiplantae-Micromonas_pusilla_CCMP1545_dxC1MR72

Stramenopiles-Thalassiosira_weissflogii_CCMP1010_CP0193027212

Alveolata-Vitrella_brassicaformis_CCMP3155_dxVbra19747

Viridiplantae-Sorghum_bicolor_dxC5X1U9

Alveolata-Alexandrium_temarense_CCMP1771_CP0186237896

Proteobacteria-Bradyrhizobium_gi499402032

Cyanobacteria-Cyanobium_gracile_gi504920859

Viridiplantae-Oryza_sativa_subsp_Japonica_dxQ6K5H5

ChlamydiaeVerrucomicrobia-Verrucomicrobium_sp_BvORR106_gi740326241

Cyanobacteria-Planktothrix_gi652393001

Cryptophyta-Chroomonas_mesostigmatica_cf_Strain_CCMP1168_CP0206228626
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Cryptophyta (9 tips)

Rhizaria-Paulinella_micropora_KR01_g8927.t1

DeinococcusThermus-Oceanithermus_profundus_WP_013457791.1

Chloroflexi-Dehalococcoides_mccartyi_gi499628239

Alveolata-Euplotes_focardii_TN1_CP0187828530

Metazoa (13 tips)

Choanoflagellida (2 tips)

Glaucophyta-Cyanoptyche_gloeocystis_Strain_SAG4_97_CP0196652764

Glaucophyta-Gloeochaete_witrockiana_SAG46_84_CP0193988756

Metazoa (13 tips)

Viridiplantae-Arabidopsis_thaliana_dxO82399 (peroxisomal)

Proteobacteria-Acinetobacter_gi488048120

CandidatusTectomicrobia-Candidatus_Entotheonella_palauensis_WP_089718444.1

Stramenopiles-Vaucheria_litorea_Strain_CCMP2940_CP0199151974

Planctomycetes-Zavarzinella_formosa_gi521956613

Chloroflexi-Ktedonobacter_racemifer_gi495183133
CandidatusMarinimicrobia-Candidatus_Marinimicrobia_bacterium_WP_129501278.1

Rhizaria (5 tips)

Proteobacteria-Steroidobacter_sp._JW3_WP_129781107.1

Haptophyta-Phaeocystis_Sp_Strain_CCMP2710_CP0118809344

Rhodophyta-Porphyridium_purpureum_dxContig2505x4

Glaucophyta-Cyanophora_paradoxa_dxRU29690

Viridiplantae (3 tips)

Oomycetes-Phytophthora_capsici_jgi17807

DeinococcusThermus-Deinococcus_proteolyticus_WP_148231741.1

Rhizaria-Sorites_sp_CP0114653318

Alveolata-Symbiodinium_sp_MMETSP1377_c56716_g1_i1.p1

Archaea (7 tips)

Proteobacteria-Burkholderia_gi494853461

Fonticulida-Fonticula_alba_XP_009497209.1

CandidatusMelainabacteria-Candidatus_Melainabacteria_bacterium_WP_144105426.1

Rhizaria (4 tips)

Rhodophyta (2 tips)

Proteobacteria-Escherichia_coli_gi693054260

Viridiplantae-Arabidopsis_thaliana_dxO23569 (L-lactate dehydrogenase)

Chloroflexi-Chloroflexus_gi501214529

Viridiplantae-Tetraselmis_astigmatica_MMETSP0804_c4427_g1_i1.p1

Excavata-Neobodo_designis_Strain_CCAP_1951_1_CP0174854786

Amoebozoa-Stygamoeba_regulata_MMETSP0447_c4744_g1_i1.p1

Rhizaria-Lotharella_globosa_CCCM811_CP0190155364

Proteobacteria-Dissulfuribacter_thermophilus_WP_067616487.1

Alveolata-Protocruzia_adherens_MMETSP0216_c11090_g1_i1.p1

Planctomycetes (2 tips)

Viridiplantae-Physcomitrella_patens_XP_024391613.1

Viridiplantae-Unidentifiedeukaryote_sp_MMETSP1326_c3099_g10_i1.p2

Metazoa-Acropora_millepora_XP_029189259.1

Rhodophyta-Madagascaria_erythrocladiodes_MMETSP1450_c22187_g1_i1.p2

Spirochaetes-Candidatus_Marispirochaeta_associata_WP_069894993.1

Viridiplantae-Arabidopsis_thaliana_dxP93819 (cytoplasmic)

Alveolata (2 tips)

Fungi (2 tips)

Viridiplantae-Arabidopsis_thaliana_dxQ9ZP06 (mitochondrial)

Proteobacteria-Salmonella_enterica_gi446784326

Alveolata-Ichthyophthirius_multifiliis_dxG0QJ20

Alveolata-Kryptoperidinium_foliaceum_MMETSP0121_c3091_g1_i1.p3

Cyanobacteria (2 tips)

ChlamydiaeVerrucomicrobia-Chlamydia_psittaci_gi504757256

Rhizaria-Lotharella_amoebiformis_MMETSP0042_c5867_g1_i1.p1

Archaea (2 tips)

Viridiplantae (3 tips)

Excavates-Naegleria_gruberi_XP_002678973.1

Alveolata (2 tips)

ChlamydiaeVerrucomicrobia-Verrucomicrobium_sp_BvORR106_gi740330232

Alveolata-Litonotus_pictus_Strain_P1_CP0170514930

Rhizaria-Lotharella_globosa_CCCM811_CP0190145574

Excavates (3 tips)

Actinobacteria-Thermocrispum_agreste_WP_051309794.1
Proteobacteria-Sulfitobacter_noctilucicola_WP_081780736.1

Rhodophyta-Porphyra_umbilicalis_Poumb1467s0001.1

Amobozoa (2 tips)

Stramenophiles (2 tips)

Glaucophyta-Gloeochaete_wittrockiana_MMETSP1089_c24510_g1_i1.p1

Rhodophyta-Cyanidioschyzon_merolae_strain_10D_gi544209424

Viridiplantae-Arabidopsis_thaliana_dxQ9LKA3 (mitochondrial)

Proteobacteria-Bradyrhizobium_japonicum_gi504303521

Mesomycetozoea-Capsaspora_owczarzaki_XP_004344973.1

Acidobacteria-Thermoanaerobaculum_aquaticum_WP_038047

Rhodophyta-Rhodosorus_marinus_CP0113959216

Firmicutes (2 tips)

Alveolata-Symbiodinium_sp_MMETSP1371_c6992_g1_i1.p1

Amoebozoa-Filamoeba_nolandi_MMETSP0413_c3656_g1_i1.p1

Cryptophyta-Hemiselmis_virescens_MMETSP1356_c22229_g1_i1.p1

Rhizaria-Paulinella_micropora_KR01_g55981.t1

Mesomycetozoea-Capsaspora_owczarzaki_XP_004343487.1

Excavates-Eutreptiella_gymnastica_MMETSP0039_c23440_g1_i1.p1

Gemmatimonadetes-Gemmatimonas_phototrophica_WP_026850796.1

Archaea-Pyrolobus_fumarii_WP_014026182.1

Rhodophyta (5 tips)

Alveolata-Gregarina_niphandrodes_dxA0A023B8Q6

Amoebozoa-Vexillifera_sp_MMETSP0173_c5244_g1_i1.p1

Stramenophiles (4 tips)

Rhodophyta (2 tips)

Rhizaria (4 tips)

Haptophyta-Imantonia_sp_MMETSP1474_c27089_g1_i1.p1

Stramenophiles (2 tips)

Proteobacteria-Pleionea_sp._S1521_WP_144392927.1

Actinobacteria (6 tips)

Viridiplantae-Arabidopsis_thaliana_dxQ9FJU0 (cytoplasmic)

Fonticulida-Fonticula_alba_XP_009493160.1

Aquificae-Desulfurobacterium_thermolithotrophum_WP_052296559.1

Alveolata-Chromera_velia_CCMP2878_dxCvel21902

Proteobacteria-Beggiatoa_leptomitoformis_WP_062149001.1

Viridiplantae-Glycine_max_dxH2D5S3

Haptophyta-Phaeocystis_antarctica_Strain_CCMP1374_CP0198192872

Alveolata-Cryptosporidium_parvum_Iowa_II_dxQ5CYZ3

Rhizaria-Paulinella_chromatophora_scaffold6154-size1705_m.52479

Alveolata-Favella_taraikaensis_Strain_Fe_Narragansett_Bay_CP0185573156

DeinococcusThermus-Deinococcus_cellulosilyticus_WP_146891583.1

CandidatusKryptonia-Candidatus_Kryptobacter_tengchongensis_WP_072150073.1

Choanoflagellida-Monosiga_brevicollis_XP_001745899.1

Cyanobacteria-Mastigocladus_laminosus_WP_044450997.1

Actinobacteria (2 tips)

Viridiplantae (5 tips)

Metazoa-Trichoplax_adhaerens_XP_002118933.1

Aquificae (2 tips)

Firmicutes-Bacillus_sp._SRB_336_WP_113724489.1

Thermotogae-Thermotoga_gi495469582

Viridiplantae (5 tips)

Viridiplantae-Oryza_sativa_subsp_Japonica_dxQ94JA2

Euplotes_focardii_MMETSP0206_TR7636-c0_g1_i1.p1

Viridiplantae (3 tips)

Amoebozoa-Dictyostelium_discoideum_dxQ54GE6

Rhodophyta-Gracilariopsis_chorda_GRC0003GENE362

Haptophyta-Isochrysis_galbana_CCMP1323_CP0193628284

Metazoa-Strongyloides_ratti_XP_024507190.1

Viridiplantae-Glycine_max_dxC6TGD9

Metazoa-Drosophila_melanogaster_dxQ9VEB1

Palpitomonas-Palpitomonas_bilix_MMETSP0780_c13540_g1_i1.p2

Alveolata-Platyophrya_macrostoma_MMETSP0127_c15818_g1_i2.p1

Viridiplantae (7 tips)

Alveolata-Lankesteria_abbottii_MMETSP0372_c11918_g1_i1.p2

Alveolata-Euplotes_focardii_TN1_CP0187812060

Viridiplantae-Oryza_sativa_subsp_Japonica_dxQ8H4E0

Glaucophyta-Cyanophora_paradoxa_dxRU15098

Proteobacteria-Pistricoccus_aurantiacus_WP_147184262.1

Rhizaria-Lotharella_globosa_CCCM811_CP0190148104

Rhizaria-Paulinella_micropora_KR01_g62328.t1

Alveolata-Alexandrium_temarense_CCMP1771_CP0186185432

Rhizaria-Bigelowiella_natans_CCMP2755_jgi87862

Rhizaria-Paulinella_chromatophora_scaffold9817-size1295_m.71516

Viridiplantae-Arabidopsis_thaliana_dxP57106 (cytoplasmic)

Tenericutes-Mycoplasma_mycoides_gi499480074

Stramenopiles-Thraustochytrium_sp_LLF1b_CP0193124458

Archaea (2 tips)

Alveolata-Cryptosporidium_parvum_Iowa_II_dxQ5CYZ2

Choanoflagellida-Salpingoeca_rosetta_dxF2US16

Excavates (3 tips)

Alveolata (6 tips)

Proteobacteria-Rhizobium_leguminosarum_gi489662952

Metazoa-Echinococcus_granulosus_XP_024353062.1

Fungi-Verticillium_nonalfalfae_XP_028496089.1

Amoebozoa-Heterostelium_album_XP_020428479.1

Rhizaria-Paulinella_micropora_KR01_g43748.t1

Proteobacteria-Succinivibrio_dextrinosolvens_WP_074942817.1

Viridiplantae-Sorghum_bicolor_dxC5YW21

Fungi (15 tips)

Rhizaria-Paulinella_chromatophora_scaffold12090-size1110_m.81767

Proteobacteria-Actinobacillus_porcinus_WP_135710090.1

Haptophyta-Gephyrocapsa_oceanica_RCC1303_CP0188202474

Haptophyta-Imantonia_sp_MMETSP1474_c21385_g1_i1.p1

Cryptophyta-Goniomonas_pacifica_CCMP1869_CP0188489480

Rhizaria-Lotharella_globosa_MMETSP0041_c6216_g1_i1.p1

Stramenophiles (2 tips)

Firmicutes-Melghirimyces_profundicolus_WP_108021701.1

Nitrospirae-Nitrospirae_bacterium_HCH1_WP_085052705.1

Cyanobacteria (6 tips)

Alveolata-Alveolata_sp_MMETSP0288_c6211_g1_i1.p1

Alveolata (13 tips)

Excavates-Neobodo_designis_MMETSP1114_c8412_g1_i1.p1

Metazoa (2 tips)

Stramenophiles (6 tips)

Planctomycetes-Pirellula_staleyi_WP_012913236.1

Haptophyta-Coccolithus_pelagicussspbraarudi_MMETSP0164_c27838_g1_i1.p1

Viridiplantae-Rosa_chinensis_XP_024198886.1

DeinococcusThermus-Truepera_radiovictrix_WP_013179443.1

Apusomonadidae-Thecamonas_trahens_XP_013754559.1

Stramenophiles (2 tips)

Viridiplantae-Eucalyptus_grandis_XP_010055509.1

Amoebozoa-Dictyostelium_purpureum_XP_003285740.1

Viridiplantae (3 tips)

Excavata-Giardia_intestinalis_XP_001707118.1

Metazoa-Amphimedon_queenslandica_XP_003390619.2

Aveolata (17 tips)

Alveolata-Cryptosporidium_muris_RN66_dxB6AHM1
Alveolata-Cryptosporidium_muris_RN66_dxB6AHM2

Cryptophyta-Guillardia_theta_MMETSP0046_c22858_g1_i1.p1

Alveolata-Glenodinium_foliaceum_MMETSP0119_c13695_g1_i1.p1

Bacteroidetes-Dyadobacter_beijingensis_WP_019941843.1

Alveolata-Paramecium_tetraurelia_dxA0BG40

Thermodesulfobacteria-Thermodesulfatator_atlanticus_gi551230524

Archaea-Cuniculiplasma_divulgatum_WP_021789102.1

Amoebozoa (3 tips)

Haptophyta-Pavlova_sp_MMETSP1140_c3336_g1_i1.p1

Viridiplantae-Nelumbo_nucifera_XP_010274768.1

Metazoa (18 tips)

Viridiplantae-Zea_mays_dxB4FG53

Bacteroidetes-Empedobacter_haloabium_WP_147955214.1

Nitrospirae-Leptospirillum_ferriphilum_gi738124216

Verrucomicrobia-Verrucomicrobia_bacterium_S94_WP_130596453.1

BacteroidetesChlorobi-Parabacteroides_gi494927726

Amoebozoa-Acanthamoeba_castellanii_str_Neff_gi470420712

Trichomonadida-Trichomonas_vaginalis_XP_001308024.1

Excavates (2 tips)

Amoebozoa (2 tips)

Excavates-Percolomonas_cosmopolitus_MMETSP0759_c4973_g1_i1.p1

Glaucophyta (2 tips)

Rhodophyta-Rhodosorus_marinus_CP0113962686

Fungi (2 tips)

Metazoa (3 tips)

Viridiplantae (7 tips including Arabidopsis_thaliana_dxQ8H1E2 (chloroplastic [NADP]))

Rhodophyta (13 tips)

Archaea (3 tips)

Viridiplantae-Arabidopsis_thaliana_dxQ9SN86 (chloroplastic [NAD])

Chloroflexi-Candidatus_Viridilinea_mediisalina_WP_097645454.1

Rhizaria-Paulinella_ovalis_SAG5_contig00109.SAG5_contig00109.g122.t1

Chloroflexi-Caldilinea_aerophila_WP_014435155.1

Mesomycetozoea-Capsaspora_owczarzaki_XP_004349151.2

Stramenopiles-Mallomonas_sp_MMETSP1167_c3463_g1_i1.p1

Viridiplantae-Prosopis_alba_XP_028754977.1

Supplemental Data_S2




