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Table S1. Genome statistics for Acrasis kona and various eukaryotes. 

 
 
Table S2. The Acrasis kona genome assembly including A) general genome statistics, and B) 
summary statistics for gene annotation based on evidence, ab initio and manual curation 
(Supplementary Fig. S9). 

2A. Genome assembly  sta0s0cs 
  

2B. Genome 
anmnota0on sta0s0cs Ab-in0o Evidence 

Ab-in0o + 
evidence 
+ manual 

Number of con,gs 2039  Gene number 13952 9574 15868 

Genome size 
44.02 
Mb  3' UTR number 4550 8279 8624 

GC content 38%  5' UTR number 5042 9413 8751 
N50 41.9Kb  Exon number 30281 29587 32530 
Coverage  55X  Total gene length 17 x 106 11 x 106 20 x 106 
Number of genes 15868  Total exon length 16 x 106 13 x 106 19 x 106 
Number of exons 32530  Mean gene length 1254 1216 1269 
Total gene length 20 x 106  Mean exon length 553 416 591 
Total exon length 19 x 106  Mean intron length 46 50 42 
Mean gene length 1269  Mean exons per mRNA 2.17 2.56 2.1 
Mean exon length 591  Mean mRNA per gene 1 1,2 1 
Mean intron length 42  % of genome coding 39 26 45.5 
Mean exons per mRNA 2.1       
Mean mRNA per gene 1       
% of genome coding 45.5           

 

 
 
 
 
 
  
  

Table 1: Genome statistics of Acrasis kona and selected species

Species Genome size 
(mB) %GC Protein-

coding loci % coding % genes 
with introns

Introns 
per gene

Median intron 
length

Acrasis kona 44 38 15868 45.5 48 1.1 40
Naegleria gruberi 41 57 15727 57.8 36 0.7 60
Homo sapiens 2851 41 23328 1.2 83 7.8 20383
Neurospora crassa 40 54 10107 36.4 80 1.7 72
Dictyostelium discoideum 34 22 13574 62.2 68 1.3 236
Arabidopsis thaliana 140.1 36 26541 23.7 80 4.4 55
Thalassiosira pseudonana 34.5 47 11242 ND ND 1.4 ND
Saccharomyces cerevisiae 12 38 6039 73 ND 1 141



Table S3. Acrasis kona genome completeness as measured by A) CEGMA and B) 
BUSCO. 
 

A) Genome completeness as measured by CEGMA (Para et al. 2007) 

  

Acrasis 
Protein 
number 

Acrasis 
percentage 

completeness 
Acrasis 
Total 

Acrasis 
Average 

Acrasis 
Percentage 
Orthologs 

Complete 221 89.11 308 1.39 28.51% 
Group 1 56 84.85 72 1.29 21.43% 
Group 2 50 89.29 65 1.3 26,00% 
Group 3 54 88.52 77 1.43 31.48% 
Group 4 61 93.85 94 1.54 34.43% 
            
Partial 230 92.74 337 1.47 31.74% 
Group 1 60 90.91 84 1.4 28.33% 
Group 2 52 92.86 74 1.42 28.85% 
Group 3 57 93.44 84 1.47 35.09% 
Group 4 61 93.85 95 1.56 34.43% 

 

B) Genome completeness as measured by BUSCO (Simão et al. 2015) 

Lineage: Eukaryota 

Acrasis 
kona 

predicted 
genes 

Naegleria 
gruberi 

predicted 
genes   

Acrasis 
kona 

genome 
assembly 

Naegleria 
gruberi 
genome 

assembly 
Complete BUSCOs (C) 282 257   209 257 
Complete and single-copy BUSCOs (S) 249 243   186 253 
Complete and duplicated BUSCOs (D) 33 14   23 4 
Fragmented BUSCOs (F) 7 15   23 7 
Missing BUSCOs (M) 14 31   71 39 
Total BUSCO groups searched 303 303   303 303 

 
References: 
Parra G, Bradnam K, Korf I. CEGMA: a pipeline to accurately annotate core genes in 

eukaryotic genomes. Bioinformatics 23(9):1061-7 (2007).  
Simão FA, Waterhouse RM, Ioannidis P, Kriventseva EV, Zdobnov EM. BUSCO: assessing 

genome assembly and annotation completeness with single-copy orthologs. 
Bioinformatics 31(19):3210-2 (2015). 

  



Table S4. Classes of repeat sequences and their frequencies in the Acrasis kona genome. 

Repeat type Number size (kb) mean size (kb) %  genome 
AF321458_1 1 0.28 285 0 
AF104021_1 1 0.32 318 0 
AF478691_1 1 0.37 368 0 
NP_009811.1 1 0.41 411 0 
AAD09018.1 2 0.44 220.5 0 
BAB40830.1 2 0.45 225 0 
AF227253_1 2 0.47 234 0 
S33633 1 0.49 495 0 
CAD12894.1 2 0.59 297 0 
AF104027_1 2 0.61 307.5 0 
AF104025_1 2 1.27 633 0 
CAA31790.1 6 1.51 251.5 0 
AAA46576.1 8 2.23 278.25 0 
A40831 10 6.13 612.9 0.01 
AAG13367.1 9 6.43 714.22 0.01 
DNA/TcMar-Ant1 32 15.56 486.12 0.03 
DNA/Kolobok-T2 26 21.89 841.96 0.05 
DNA/Crypton 20 22.32 1116.1 0.05 
LTR/ERV1 57 27.7 486 0.06 
DNA/TcMar-ISRm11 42 30.39 723.57 0.07 
LTR/Ngaro 44 31.75 721.61 0.07 
DNA/MuLE-NOF 17 31.82 1871.53 0.07 
LINE/L1-Tx1 22 37.26 1693.55 0.08 
LINE/R1 26 39.34 1512.88 0.09 

LTR/Copia 40 42.17 1054.22 0.09 
LTR/Pao 77 47.2 613.01 0.11 

DNA/TcMar-IS885 61 48.24 790.77 0.11 
DNA/PIF-Harbinger 54 49.61 918.69 0.11 

Low_complexity 1030 52.38 50.85 0.12 
DNA/Zator 73 57.69 790.25 0.13 

LTR 79 61.13 773.84 0.14 
LINE/Penelope 48 62.43 1300.58 0.14 

DNA/MuLE-F 90 80.2 891.1 0.18 
DNA/Sola 200 92.68 463.38 0.21 

DNA/PiggyBac 121 93.75 774.83 0.21 
LINE/R2-NeSL 86 95.18 1106.78 0.21 

LINE 224 127.19 567.8 0.28 
DNA/MuLE-MuDR 158 157.77 998.52 0.35 

LTR/DIRS 269 180.61 671.42 0.4 
DNA/hAT-Ac 371 219.72 592.23 0.49 

LINE/L1 334 259.87 778.04 0.58 
LINE/I 412 294.43 714.63 0.66 

Simple_repeat 5593 296.05 52.93 0.66 
LINE/R2 276 330.46 1197.31 0.74 

rRNA 470 351.62 748.13 0.79 
LTR/Gypsy 474 358.23 755.75 0.8 

DNA/CMC-EnSpm 620 484.42 781.32 1.08 
Unknown 5321 3387.26 636.58 7.57 

total       16.8 



 
Table S5. Genomes used for orthologous clustering of the Acrasis kona predicted 
proteome. Sequences were clustered using OrthoMCL (Li et al. 2003).  

Organism Taxonomy Assembly version  Availability 
Neurospora crassa Fungi   NCBI Genome 
Batrachochytrium dendrobatidis JAM81 v1.9 NCBI Genome 
Acanthamoeba castellanii  Amoebozoa Acastellanii.strNEFF v1 NCBI Genome 
Dictyostelium discoideum dicty_2.7 NCBI Genome 
Monosiga brevicollis Holozoa V1.0 NCBI Genome 
Drosophila melanogaster Release 6 plus ISO1 MT NCBI Genome 
Thalassiosire pseudonana 

Stramenopila 
ASM14940v2 NCBI Genome 

Phytophthora infestans ASM14294v1 NCBI Genome 
Aureococcus anophagefferens v1.0 NCBI Genome 
Paramecium tetraurelia Alveolata ASM16542v1 NCBI Genome 
Vitrella brassicaformis Vbrassicaformis NCBI Genome 
Chlamydomonas reinhardtii  

Archaeplastida 
v3.0 NCBI Genome 

Ostreococcus tauri v050606 NCBI Genome 
Arabidopsis thaliana TAIR10 NCBI Genome 
Naegleria gruberi 

Discoba 

assembly v1 NCBI Genome 
Percolomonas cosmopolitus strain WS Transcriptome iMicrobe 
Percolomonas cosmopolitus strain AE-1 Transcriptome iMicrobe 
Andalucia godoyi Transcriptome Baldauf lab 
Seculomonas ecuadoriensis Transcriptome Baldauf lab 

 
Reference: Li L, Stoeckert CJ Jr, Roos DS. OrthoMCL: identification of ortholog groups for 
eukaryotic genomes. Genome Res. 13(9):2178-89 (2003).  
 
 
 

 

Table S6. Summary Statistics for KEGG mapping and comparison of metabolic 
pathways in Acrasis kona and Naegleria gruberi (Supplementary Fig. S1). Full detail in 
Supplementary Data 3. 

  KO 
number Unique Metabolic Regulatory Secretory 

biosynthesis 
Acrasis kona 2529 453 776 606 168 

Naegleria 
gruberi 2532 456 802 573 169 

Enzyme overlap 2076 - 647 533 141 
Total  - - 931 646 196 

 
  



Table S7. Developmental signaling pathways in aggregating Acrasis kona (Fig. 8). A. kona 
accessions with substantially increased expression during aggregation (Aggup) and other key 
components with RPKM >100 during aggregation expression are shown schematically in Fig. 
8A and in detail in Fig. 8B (external signaling pathways) and below (internal signaling 
pathways). Details of sequence annotation, supporting evidence and gene expression levels are 
shown in Supplementary Data 6 and 13.  

 
 

pathway
compon

ents
protein name acronym accession

RPKM   
Agg

DE Log2 
Gro_Agg

PKB-TOR TOR target of rapamycin TOR TOR AKO1_011982 29.17 0.06 0.69 
target of rapamycin TOR TOR AKO1_011977 82.17 0.49 0.69 
CRAC_Rictor Rictor AKO1_003073 18.88 2.23 ▲ 1.90 
small GTPase Arf-like 3 Arf AKO1_005926 19.37 1.86 ▲ 1.48 
Arf_exchange factor_cytohesin ArfGEF AKO1_000009 102.42 0.94 ▲ 1.29 
Rac activator RacGAP AKO1_011632 37.74 2.49 ▲ 1.06 
Rac activator RacGAP AKO1_013552 56.92 0.94 ▲ 2.09 
Rac activator RacGAP AKO1_011221 235.54 0.91 ▲ 1.06 
small GTPase Scar_Rac AKO1_010272 3.16 2.31 0.15 

sphingosine non-lysosomal ceramidase CDase AKO1_006065 603.42 1.19 ▲ 4.49 
neutral sphingomyelinase SMase AKO1_004193 124.56 0.90 0.33 
sphingosine_1P_lyase " AKO1_011426 194.55 1.16 0.56 
NAPE-PLD PLD AKO1_000039 46.06 1.91 0.81 
Pro-saposin saponin AKO1_009907 136.00 1.17 ▼ -1.04 
Ras_KRas Ras family AKO1_004265 52.27 1.63 ▲ 2.18 
Ras_GAP " AKO1_001246 179.14 1.07 ▲ 1.64 
Ras_GAP " AKO1_005517 56.33 1.07 ▼ -2.62 
Ras_GEF " AKO1_014844 64.87 1.06 ▲ 3.30 

kinases MAPK MAPKK MAPKK AKO1_006554 56.60 0.92 ▲ 2.14 
MAPK MAPK AKO1_012198 50.30 1.12 ▲ 2.41 
MAPK " AKO1_015653 8.07 2.40 ▲ 2.41 
alpha kinase " AKO1_010823 99.70 1.26 ▲ 3.44 
GalOx_Ketch " AKO1_006253 65.09 1.54 ▲ 0.92 
GalOx_Ketch " AKO1_011531 16.47 1.99 ▲ 2.95 
PKc-like, A-kinase kinase AKO1_013190 108.28 1.62 ▲ 2.56 
Ser/Thr kinase, Aurora " AKO1_003728 9.58 2.19 -0.19 
Ser/Thr kinase, CdK2_related " AKO1_008411 344.03 0.91 ▲ 2.56 
Ser/Thr kinase, Nek2/NimA " AKO1_015138 180.1 1.08 ▼ -1.13 
Ser/Thr kinase, Polo-like " AKO1_008166 43.68 2.94 ▼ -1.22 
Ser/Thr kinase " AKO1_015703 118.46 1.00 ▼ -1.29 

Ser-The Ser/Thr phosphatase, ankyrin S/TP'ase AKO1_014864 101.18 0.90 ▲ 1.86 
Ser/Thr phosphatase, SAPS STKc AKO1_009583 197.64 0.93 ▲ 0.97 
Ser/Thr phosphatase, PP2Cc " AKO1_014801 38.81 1.72 ▼ -1.53 
Ser/Thr phosphatase, STP4_reg1 " AKO1_014367 1046.96 0.77 0.65 

Tyr Tyr phophatase, MKP-4 TyrP'ase AKO1_009846 18.39 1.50 ▼ -1.94 
Tyr phophatase, PTPc " AKO1_011663 103.7 1.17 -0.22 

target C6orf120 cytokine AKO1_000834 470.8 0.97

DE Log2                  
0_5

-

cell 
cycle-

like

phospha-
tases

signaling pathway protein Acrasis kona Ddi AX4



 
Table S8. Documented instances of aggregative multicellularity in eukaryotes.  
 

supra 
kingdom kingdom phylum taxa reference 

Amorphea Holozoa Filsterea Capsaspora 
owczarzaki* 

Sebé-Pedrós et al. 2013 
Tikhonenkov et al. 2020 

  Holomycota Rotosphaerida Fonticula alba Brown et al. 2009 
  Amoebozoa Tubulinea Copromyxa spp. Brown et al. 2011 
   Evocea Dictyostelia Raper 1985 
Diaphoretickes Stramenopila Labyrinthulomycetes Sorodiplophrys 

stercorea 
Tice et al. 2016 

  Rhizaria Cercozoa Guttulinopsis 
vulgaris Brown et al. 2012b 

  Alveolata Ciliophora Sorogena 
stoianovitchae 

Sugimoto & Endoh 2008 

Excavata Discoba Heterolobosea Acrasis spp. Brown et al. 2012a 
 
*Although Capsaspora owczarzaki [59] and close relatives [110] can be induced to form 
aggregates in the lab, there is no evidence yet of this resulting in cellular differentiation, fruiting 
body formation or sporulation.  
 
References:  
Brown MW, Spiegel FW, Silberman JD. Mol Biol Evol 26:2699-2709 (2009). 
Brown MW, Silberman JD, Spiegel FW. Protist. 162(2):277-87 (2011). 
Brown MW, Silberman JD, Spiegel FW. Eur J Protistol. 48(2): 103-23 (2012a). 
Brown MW, Kolisko M, Silberman JD, Roger AJ. Curr Biol. 22(12):1123-7 (2012b). 
Raper K. The Dictyostelids. Princeton University Press (1985). 
Sebé-Pedrós A, Irimia M, Del Campo J, Parra-Acero H, Russ C, Nusbaum C, Blencowe BJ, 

RuizTrillo I. Elife. 2:e01287 (2013). 
Sugimoto H, Endoh H. J Eukaryot Microbiol. 53:96-102 (2006). 
Tice AK, Silberman JD, Walthall AC, Le KN, Spiegel FW, Brown MW. J Eukaryot Microbiol. 

63(5):623-8 (2016). 
Tikhonenkov DV, Hehenberger E, Esaulov AS, Belyakova OI, Mazei YA, Mylnikov AP, 

Keeling PJ. BMC Biol. 18(1):39 (2020). 
 



 

Figure S1. Metabolic capacity of Acrasis kona and Naegleria gruberi. Unique enzymatic 
pathways for A. kona and N. gruberi are shown in red and green, respectively, and the overlap 
between the two in blue. Pathways were predicted and graphically summarized using iPath 
(Letunic et al. 2008). A full list of KEGG-predicted A. kona metabolic pathways and associated 
accessions is found in Supplementary Data 3. 



 
Figure S2. Variation by time point in protein function profile for Dictyostelium discoideum 
homologs of Acrasis kona aggregation proteins. D. discoideum AX4 (Ddi) proteins 
homologous to Acrasis kona (Ako) Aggup accessions and with substantially increased 
expression and/or very highly expressed during starvation (as defined in Supplementary Data 
6) are clustered into functional categories. Time point comparisons correspond to hours after 
food depletion: hours 0 vs 1 (0_1), 1 vs 2 (1_2), 0 vs 5 (0_5), all four comparisons combined 
(all), and all Ako Aggup accessions in growth versus aggregation (0_5, Supplementary Data 6). 
Bar height (y axis) corresponds to numbers of accessions in major function categories 
(Supplementary Data 7). 
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Figure S3. An Acrasis kona aggregation-induced phosphoinositide phospholipase C 
acquired from Fungi. The tree shown was derived from a 415 amino acid alignment using 
RAxML and the LG+g model [104]. Only bootstrap values over 60% are shown and branch 
lengths are drawn to scale according to the scale bar at the lower left (substitutions per site). 
Sequence names are colored according to higher order taxonomy shown in the lower left key. 
Some large groups of closely related sequences are collapsed to proportional triangles to 
increase readability of more relevant parts of the trees. The table to the immediate left shows 
gene expression values for growth vs aggregation (DEAgg), aggregation vs germination. 
(DEGerm) and numbers of length-corrected reads (RPKMAgg) for aggregating cells 
(Supplementary Data 5 and 7). DELog2 values for Ddi AX4 homologs are given for growth (0 
hours) versus 1, 2 and 5 hours starvation (Santhanam et al. 2015). 
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FuXx_RIA96111_Glomus_cerebriforme

FuCh_ORX47633_Piromyces_finnis

AKO1_009350

FuCh_RKO86921_Blyttiomyces_helicus

Pla_KAG1676835_Chlamydomonas_sp._UWO_241

FuXx_KAG0211859_Mortierella_sp._GBA30

FuCh_RKO99305_Caulochytrium_protostelioides

FuCh_TPX48556_Synchytrium_endobioticum

Ani_XP_004998350_Salpingoeca_rosetta

Pla_XP_005712909_Chondrus_crispus

Amo_XP_020432012_Heterostelium_album_PN500

SAR_GBG28982_Hondaea_fermentalgiana

Pla_GAX80490_Chlamydomonas_eustigma

Dis_KAF0982424_Naegleria_fowleri

Pla_XP_005821368_Guillardia_theta_CCMP2712

FuCh_XP_016612035_Spizellomyces_punctatus_DAOM_BR117

Pla_XP_005760134_Emiliania_huxleyi_CCMP1516

Ani_XP_004349424_Capsaspora_owczarzaki_ATCC_30864

AKO1_000153

FuXx_KXN73564_Conidiobolus_coronatus_NRRL_28638

SAR_CAB1097268_Ectocarpus_sp._CCAP_1310/34

Fun_XP_009492725_Fonticula_alba

Pla_KAA8499275_Porphyridium_purpureum

FuXx_ORX93405_Basidiobolus_meristosporus_CBS_931.73

SAR_KAA0146414_Cafeteria_roenbergensis

Pla_XP_005837724_Guillardia_theta_CCMP2712

Amo_XP_012755255_Acytostelium_subglobosum_LB1

FuCh_ORX80166_Anaeromyces_robustus

FuCh_TPX58272_Powellomyces_hirtus

Ani_XP_031573996_Actinia_tenebrosa

FuCh_ORY44545_Rhizoclosmatium_globosum
FuCh_TPX73662_Chytriomyces_confervae

Dis_XP_002683528_Naegleria_gruberi_strain_NEG-M

FuCh_KXS21829_Gonapodya_prolifera_JEL478

Amo_PRP79514_Planoprotostelium_fungivorum

Amo_XP_004351990_Cavenderia_fasciculata

SAR_OLP82670_Symbiodinium_microadriaticum

FuXx_ORX94057_Basidiobolus_meristosporus_CBS_931.73

Ani_XP_014159878_Sphaeroforma_arctica_JP610

Pla_XP_005651136_Coccomyxa_subellipsoidea_C-169

Dis_XP_028886513_Trypanosoma_theileri

Pla_OSX72801_Porphyra_umbilicalis

FuCh_OON10580_Batrachochytrium_salamandrivorans

Pla_XP_031112474_Ipomoea_triloba

FuXx_RKP38903_Dimargaris_cristalligena

Ani_XP_013760965_Thecamonas_trahens_ATCC_50062

Ani_XP_001750250_Monosiga_brevicollis_MX1

FuXx_KAF7741523_Entomophthora_muscae
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c) AKO1_001251

d) AKO1_001528

AKO1_001251

AKO1_001528

0 .3

Amb_XP_012753869_Acytostelium_subglobosum_LB1

GAlg_QDZ24014_Chloropicon_primus

GAlg_CAD7698933_Ostreobium_quekettii

Fun_CAG8481937_Paraglomus_occultum

Dis_XP_044548857_Naegleria_lovaniensis

Pla_AZL19373_Diospyros_kaki

Met_KTF90181_Cyprinus_carpio

Fun_RUS32236_Jimgerdemannia_flammicorona

Met_XP_019911173_Esox_lucius

Pla_AIZ68348_Triticum_aestivum

Met_XP_035238727_Anguilla_anguilla

AKO_001251

Pla_TVU46601_Eragrostis_curvula

Str_XP_024573597_Plasmopara_halstedii

Str_POM61734_Phytophthora_palmivora_var._palmivora
Str_XP_008892885_Phytophthora_parasitica_INRA-310

GAlg_CAD7701224_Ostreobium_quekettii

Pla_KAG8073667_Zizania_palustris

Met_XP_050409911_Patella_vulgata

GAlg_GMH33580_Bryopsis_sp._KO-2023

Dis_XP_044569459_Naegleria_fowleri

Pla_MQM06731_Colocasia_esculenta

Str_KAJ8612218_Chrysophaeum_taylorii

Fun_KAG2193967_Mucor_plumbeus

Met_XP_041747339_Coregonus_clupeaformis

Pla_XP_048228789_Ricinus_communis

GAlg_XP_002505528_Micromonas_commoda

Met_KAK2193696_Ridgeia_piscesae

Fun_CEP16753_Parasitella_parasitica

GAlg_BDA44190_Coccomyxa_sp._Obi

Fun_KAF1801443_Mucor_lusitanicus

Met_XP_047678829_Tachysurus_fulvidraco

Fun_KAI8976088_Pilobolus_umbonatus

Str_KAF1334422_Globisporangium_splendens

Pla_VVA93098_Arabis_nemorensis

Str_GMF11133_Phytophthora_lilii

Amb_KAF2069286_Polysphondylium_violaceum

GAlg_KAA6419583_Trebouxia_sp._A1-2

Dis_XP_002672279_Naegleria_gruberi

Met_XP_020611418_Orbicella_faveolata

Fun_OBZ88144_Choanephora_cucurbitarum

Str_KAF4324869_Phytophthora_kernoviae_00238_432

Amb_XP_640210_Dictyostelium_discoideum_AX4

GAlg_XP_003063636_Micromonas_pusilla_CCMP1545

93
71

62

90

61

47

42

63

47

97

59

93

32

93

100

31

96

83

42

51

34

61

96
99

99

99

36

57

37

55

91

95

65

85

28

80

53

46

95

93

63

98

72

58

94

73

0 .3

SAR_XP_001437021_Paramecium_tetraurelia_strain_d4-2

SAR_KAF0720806_Aphanomyces_stellatus

Ani_XP_023233562_Centruroides_sculpturatus

Ani_XP_033761240_Pecten_maximus

Ani_XP_028586772_Podarcis_muralis

SAR_XP_008875535_Aphanomyces_invadans

SAR_GBG28712_Hondaea_fermentalgiana

SAR_XP_001447424_Paramecium_tetraurelia_strain_d4-2

Ani_CAB3245339_Phallusia_mammillata

Ani_KAG0422408_Ixodes_persulcatus

Ani_XP_021379676_Mizuhopecten_yessoensis

SAR_CAB1102687_Ectocarpus_sp._CCAP_1310/34

Ani_XP_029634301_Octopus_sinensis

Ani_XP_025079253_Pomacea_canaliculata

SAR_OQR90075_Achlya_hypogyna

SAR_XP_012197457_Saprolegnia_parasitica_CBS_223.65

Ani_EEC17281_Ixodes_scapularis

SAR_RHY32967_Aphanomyces_invadans

SAR_GBG28169_Hondaea_fermentalgiana

Ani_XP_005103852_Aplysia_californica

Amo_PRP75909_Planoprotostelium_fungivorum

SAR_CBJ27251_Ectocarpus_siliculosus

Ani_XP_019620350_Branchiostoma_belcheri
Ani_XP_035694004_Branchiostoma_floridae

SAR_XP_008609238_Saprolegnia_diclina_VS20

Ani_RUS81153_Elysia_chlorotica

AKO_001528

Ani_XP_013074975_Biomphalaria_glabrata

Ani_CAD7166630_Sepia_pharaonis

Ani_XP_002125802_Ciona_intestinalis
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e) AKO1_002511

AKO1_002511

f) AKO1_002520

AKO1_002520

0 .3

Arc_HHP19673_Desulfurococcaceae_archaeon

Bac_MAA93376_Rheinheimera_sp.

Bac_MBE0642405_Bacteroidales_bacterium

Ani_XP_019619663_Branchiostoma_belcheri

Bac_WP_139243634_Alkalimonas_amylolytica

Bac_WP_023437119_Clostridium_tetani

BaCy_NJK45931_Pleurocapsa_sp._SU_196_0

BaCy_WP_190499868_Phormidium_sp._FACHB-1136

BaCy_NJK37969_Oscillatoriales_cyanobacterium_SM2_3_0

Ani_XP_011440861.2_Crassostrea_gigas

Bac_MYL64954_Alkalihalobacillus_hwajinpoensis

Bac_WP_046558409_Arsukibacterium_ikkense

Bac_BBM82141_Planctomycetes_bacterium_SRT547

Bac_EED32503_gamma_proteobacterium_NOR5-3

Bac_WP_193265467_Vibrio_navarrensis

Arc_HGK24884_Candidatus_Bathyarchaeota_archaeon

Bac_WP_182297941_Sandaracinobacter_sp._M6

Bac_WP_051685839_Pararheinheimera_texasensis

Bac_WP_033425532_Rheinheimera_perlucida

Bac_MPR11405_Microvirga_tunisiensis

Bac_WP_166838633_Rheinheimera_pleomorphica

AKO_002511

BaCy_TVQ42534_Gloeocapsa_sp._DLM2.Bin57

Ani_ELT90727_Capitella_teleta

Bac_HGZ00514_Candidatus_Aminicenantes_bacterium

Bac_WP_160920343_Alkalihalobacillus_hwajinpoensis

BaCy_WP_190803884_Leptolyngbya_sp._FACHB-261

Ani_XP_025093749_Pomacea_canaliculata

Bac_WP_159781454_Bacillus_sp._N1-1

Ani_XP_035687664_Branchiostoma_floridae

Bac_RQW02747_candidate_division_KSB1_bacterium

Bac_HHR33524_Fervidobacterium_nodosum

Arc_HHL05004_Candidatus_Bathyarchaeota_archaeon

Bac_WP_189606473_Saccharospirillum_salsuginis

Bac_NQY39356_Henriciella_sp.

Bac_WP_116133642_Tropicimonas_sp._IMCC34043

BaCy_WP_159460561_Calothrix_rhizosoleniae

Bac_WP_037054722_Rheinheimera_baltica

Bac_WP_130600924_Litorilituus_sediminis

Bac_WP_172327168_Mangrovicoccus_sp._HB161399
Arc_NHV11757_Candidatus_Verstraetearchaeota_archaeon

Bac_WP_093326938_Thalassotalea_agarivorans

Arc_NIQ05955_Candidatus_Korarchaeota_archaeon

Bac_NQZ86870_Colwellia_sp.

Bac_NRA29524_Parvularculaceae_bacterium

Ani_XP_022338594_Crassostrea_virginica

Bac_HBO11200_Halieaceae_bacterium

Bac_NNE41152_Marinicaulis_sp.

Bac_WP_068749192_Thermovenabulum_gondwanense

Bac_WP_097111695_Rheinheimera_tuosuensis

Bac_AAO34925_Clostridium_tetani_E88

Bac_PKP53890_Bacteroidetes_bacterium_HGW

Bac_WP_161975695_Tengunoibacter_tsumagoiensis
Bac_WP_120737837_Nocardia_yunnanensis

BaCy_NJK45888_Pleurocapsa_sp._SU_196_0

Bac_WP_008296159_Congregibacter_litoralis

Arc_HGZ45285_Candidatus_Bathyarchaeota_archaeon

Bac_HAT41625_Rheinheimera_sp.

Bac_TMB83911_Chloroflexi_bacterium

Bac_WP_185800460_Parasphingopyxis_sp._GrpM-11

Bac_WP_061896274_Vibrio_cidicii

Ani_CAC5411053_Mytilus_coruscus

Bac_WP_111554595_Kitasatospora_sp._SolWspMP-SS2h

Ani_VDI49387_Mytilus_galloprovincialis

Bac_MBC6413218_Hyphomonadaceae_bacterium
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Amo_XP_003286255_Dictyostelium_purpureum
Amo_XP_642304_Dictyostelium_discoideum_AX4

Fun_ORZ26066_Absidia_repens

Str_EWM26565_Nannochloropsis_gaditana

Pla_XP_034683252_Vitis_riparia

Fun_ORY94389_Syncephalastrum_racemosum

Amo_XP_020434271_Heterostelium_album_PN500

Pla_MBC9830643_Adiantum_capillus-veneris

Str_XP_008617007_Saprolegnia_diclina_VS20

Fun_RUS12769_Endogone_sp._FLAS-F59071

Amo_XP_004340009_Acanthamoeba_castellanii_str._Neff

Ani_XP_022255356_Limulus_polyphemus

Amo_XP_012749329_Acytostelium_subglobosum_LB1

Pla_AWW16530_Ipomoea_pes-caprae

Ani_KHN75056_Toxocara_canis

Fun_GAA97500_Mixia_osmundae_IAM_14324

Fun_ORX85597_Anaeromyces_robustus

Bac_TFG35956_Parcubacteria_group_bacterium

Bac_TNE31737_Bacteroidetes_bacterium

XP_029224241_Trypanosoma_conorhini

Fun_OZJ03256_Bifiguratus_adelaidae

Fun_ORY19965_Neocallimastix_californiae

Bac_MBG80233_Phycisphaerae_bacterium

Ani_XP_013779092_Limulus_polyphemus

Fun_RKP05413_Thamnocephalis_sphaerospora

Pla_CAA3028982_Olea_europaea_subsp._europaea

Ani_XP_033127465_Anneissia_japonica

Ani_VDK71100_Onchocerca_ochengi

Fun_XP_007862612_Gloeophyllum_trabeum_ATCC_11539

XP_028880455_Trypanosoma_theileri
Fun_ORX48442_Piromyces_finnis

Bac_NOZ00624_Deltaproteobacteria_bacterium

Pla_OIT38657_Nicotiana_attenuata

Alv_SAR_OMJ93850_Stentor_coeruleus
Alv_SAR_OMJ70040_Stentor_coeruleus

Pla_CAA2961017_Olea_europaea_subsp._europaea

Bac_MAF20177_Parcubacteria_group_bacterium

Amo_KAF2071140_Polysphondylium_violaceum

Fun_PWN50771_Violaceomyces_palustris

Pla_KAF0902153_Oryza_meyeriana_var._granulata

Amo_KYQ94475_Tieghemostelium_lacteum

Fun_ORY30059_Neocallimastix_californiae

KAF0983520_Naegleria_fowleri

Str_CCA16496_Albugo_laibachii_Nc14

Str_TMW60844_Pythium_oligandrum

Fun_RUP48709_Jimgerdemannia_flammicorona

AKO_002520

Pla_XP_024535340_Selaginella_moellendorffii

Pla_XP_020274056_Asparagus_officinalis

Ani_RDD38581_Trichoplax_sp._H2

Amo_XP_004360968_Cavenderia_fasciculata

CUI14161_Bodo_saltans

Fun_KNE96757_Puccinia_striiformis_f._sp._tritici_PST-78

Bac_MBK03273_Deltaproteobacteria_bacterium
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g) AKO1_002921
AKO1_012347

0.3

aPbac_WP_105864476_Labrys_okinawensis

Bac_NOZ79888_Acidobacteria_bacterium

aPbac_BBK42657_Stella_vacuolata

Bac_TEB12102_Pelotomaculum_propionicicum

Dis_KPI90619_Leptomonas_seymouri

Amo_KYQ91812_Tieghemostelium_lacteum

Ani_XP_004344259_Capsaspora_owczarzaki_ATCC_30864

Bac_WP_145357214_Alienimonas_californiensis

Dis_XP_001463394_Leishmania_infantum_JPCM5

aPbac_WP_149253843_Labrys_neptuniae

aPbac_OFX05117_Alphaproteobacteria_bacterium_RIFCSPHIGHO2_12_FULL_66_14

Pla_OVA13290_Macleaya_cordata

Bac_NIA30563_Actinobacteria_bacterium

aPbac_NBU13185_Alphaproteobacteria_bacterium

AK_12347

Fun_PQE16424_Rutstroemia_sp._NJR-2017a_BVV2

Bac_WP_023074371_Leptolyngbya_sp._Heron_Island_J

Fun_KGQ13135_Beauveria_bassiana_D1-5

aPbac_WP_188520155_Alsobacter_metallidurans

Bac_MBC7979076_Armatimonadetes_bacterium

aPbac_MSO71595_Alphaproteobacteria_bacterium

Dis_CCM13244_Leishmania_guyanensis

Bac_GBD93374_bacterium_BMS3Abin05

Fun_KAF2263054_Didymosphaeria_enalia

Bac_HIB35783_Dehalococcoidia_bacterium

AK_02921

aPbac_WP_188607306_Chelatococcus_reniformis

aPbac_SMF00525_Tistlia_consotensis_USBA_355

Bac_WP_146810206_Aneurinibacillus_danicus

Pla_KXZ44875_Gonium_pectorale

aPbac_MBL25950_Rhodospirillaceae_bacterium

Amo_XP_638909_Dictyostelium_discoideum_AX4

Bac_WP_075094434_Planctomyces_sp._SH-PL14

aPbac_NBR11960_Alphaproteobacteria_bacterium

Bac_GBF25210_bacterium_MnTg02

SAR_TMW56090_Pythium_oligandrum

Bac_RPG55574_Flavobacteriales_bacterium_TMED235

SAR_GAX98914_Pythium_insidiosum

Bac_NUQ63779_Pirellulales_bacterium

Pla_GBF87498_Raphidocelis_subcapitata

Dis_EPY25987_Angomonas_deanei

Amo_XP_004352424_Cavenderia_fasciculata

aPbac_WP_106337195_Alsobacter_sp._SH9

aPbac_NKB48543_Alphaproteobacteria_bacterium

Bac_HGS97860_Planctomycetes_bacterium

Pla_PNH10244_Tetrabaena_socialis

aPbac_WP_069093720_Methyloligella_halotolerans

aPbac_TMK33208_Alphaproteobacteria_bacterium

Bac_RDX35879_bacterium_HD9-500m-PIT-SAG08

Amo_XP_012749591_Acytostelium_subglobosum_LB1

Bac_PYU88773_Acidobacteria_bacterium

Dis_XP_015653147_Leptomonas_pyrrhocoris

Amo_KAF2069879_Polysphondylium_violaceum

Bac_WP_085326488_Mycobacterium_decipiens

Dis_GET86185_Leishmania_tarentolae

Bac_WP_138889548_Mycobacterium_sp._KBS0706

aPbac_BBK37014_Stella_sp._ATCC_35155

Fun_TVY80453_Lachnellula_suecica

aPbac_MSO80427_Alphaproteobacteria_bacterium

SAR_OQS00269_Thraustotheca_clavata

ABZ06622_uncultured_marine_microorganism_HF4000_133G03

Bac_MBE0467137_Candidatus_Desulforudis_sp.

SAR_XP_005824669_Guillardia_theta_CCMP2712

Fun_KAF2186649_Zopfia_rhizophila_CBS_207.26

aPbac_WP_035557744_Halomonas

Amo_XP_020431668_Heterostelium_album_PN500

aPbac_WP_191317446_Camelimonas_fluminis

Amo_KAF2073144_Polysphondylium_violaceum

Bac_MSR85049_Candidatus_Uhrbacteria_bacterium

Bac_WP_138886118_Mycobacterium_sp._KBS0706

Fun_XP_025384611_Aspergillus_eucalypticola_CBS_122712

Bac_MAF80381_bacterium

Amo_XP_004356254_Cavenderia_fasciculata

aPbac_WP_064244457_Ensifer_glycinis

Pla_MBC9832933_Adiantum_capillus-veneris

aPbac_WP_135280588_Candidatus_Macondimonas_diazotrophica

Fun_RPB14537_Morchella_conica_CCBAS932

Bac_NOY77412_Calditrichaeota_bacterium

Bac_NLX95864_Rhodopirellula_sp.

aPbac_MBS28532_Alphaproteobacteria_bacterium

Bac_TCP62455_Heliophilum_fasciatum

Dis_CCW60228_Phytomonas_sp._isolate_EM1
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h) AKO1_002929

AKO1_002929
AKO1_006794

0 .3

Pla_GBF87498_Raphidocelis_subcapitata

aPbac_WP_105864476_Labrys_okinawensis

SAR_OQS00269_Thraustotheca_clavata

Bac_RDX35879_bacterium_HD9-500m-PIT-SAG08

aPbac_OYW55440_Hyphomicrobium_sp._12-62-95

aPbac_WP_191317446_Camelimonas_fluminis

aPbac_WP_035557744_Halomonas

Fun_PQE16424_Rutstroemia_sp._NJR-2017a_BVV2

Pla_MBC9832933_Adiantum_capillus-veneris

Bac_WP_138889548_Mycobacterium_sp._KBS0706

aPbac_MSO71595_Alphaproteobacteria_bacterium

Bac_HIB35783_Dehalococcoidia_bacterium

aPbac_WP_188607306_Chelatococcus_reniformis

Pla_OVA13290_Macleaya_cordata

SAR_TMW56090_Pythium_oligandrum

Amo_XP_020431668_Heterostelium_album_PN500

Bac_NUQ63779_Pirellulales_bacterium

Bac_NOZ79888_Acidobacteria_bacterium

Bac_NLX95864_Rhodopirellula_sp.
Bac_PYU88773_Acidobacteria_bacterium

aPbac_WP_092761953_Jannaschia_helgolandensis

aPbac_KAB2943550_Hyphomicrobium_sp.

AKO_002921

Fun_KAF2263054_Didymosphaeria_enalia

aPbac_NBR11960_Alphaproteobacteria_bacterium

aPbac_WP_116401331_Methylovirgula_sp._4M-Z18

Bac_RPG55574_Flavobacteriales_bacterium_TMED235

Bac_HGS97860_Planctomycetes_bacterium

Pla_KXZ44875_Gonium_pectorale

aPbac_WP_135280588_Candidatus_Macondimonas_diazotrophica

SAR_XP_005824669_Guillardia_theta_CCMP2712

Bac_MSR85049_Candidatus_Uhrbacteria_bacterium

aPbac_WP_188520155_Alsobacter_metallidurans

Dis_KPI90619_Leptomonas_seymouri

aPbac_NBU13185_Alphaproteobacteria_bacterium

Fun_KGQ13135_Beauveria_bassiana_D1-5

Dis_CCW60228_Phytomonas_sp._isolate_EM1
Amo_KAF2073144_Polysphondylium_violaceum

Pla_PNH10244_Tetrabaena_socialis

Fun_RPB14537_Morchella_conica_CCBAS932

aPbac_MBL25950_Rhodospirillaceae_bacterium

Dis_EPY25987_Angomonas_deanei

aPbac_WP_069093720_Methyloligella_halotolerans

Fun_XP_025384611_Aspergillus_eucalypticola_CBS_122712

AKO_012347

aPbac_WP_064244457_Ensifer_glycinis

Bac_GBF25210_bacterium_MnTg02

Bac_MAF80381_bacterium

Dis_XP_015653147_Leptomonas_pyrrhocoris

aPbac_WP_149253843_Labrys_neptuniae

Bac_WP_138886118_Mycobacterium_sp._KBS0706

Amo_XP_012749591_Acytostelium_subglobosum_LB1

Bac_WP_023074371_Leptolyngbya_sp._Heron_Island_J

Ani_XP_004344259_Capsaspora_owczarzaki_ATCC_30864

aPbac_WP_106337195_Alsobacter_sp._SH9

SAR_GAX98914_Pythium_insidiosum

aPbac_SMF00525_Tistlia_consotensis_USBA_355

ABZ06622_uncultured_marine_microorganism_HF4000_133G03

Amo_XP_004356254_Cavenderia_fasciculata

Fun_TVY80453_Lachnellula_suecica

Fun_KAF2186649_Zopfia_rhizophila_CBS_207.26

Amo_XP_004352424_Cavenderia_fasciculata
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SAR_SPQ95406_Plasmodiophora_brassicae

Ani_XP_001747629_Monosiga_brevicollis_MX1

BaFi_OJV64596_Clostridiales_bacterium_38-18

Ani_XP_004363600_Capsaspora_owczarzaki_ATCC_30864

BaFi_NLM53470_Firmicutes_bacterium

BaFi_MTI61698_Firmicutes_bacterium

Dis_XP_015655205_Leptomonas_pyrrhocoris

Ani_XP_004993532_Salpingoeca_rosetta

Arc_HHN76108_Thermofilum_sp.

Arc_RLF14974_Thermoprotei_archaeon

AKO_006794

Bac_GAK58746_Candidatus_Vecturithrix_granuli

Bac_NIM05309_Armatimonadetes_bacterium

BaFi_CDZ23219_Clostridium_cellulosi

Bac_NCO38385_Armatimonadetes_bacterium

Bac_WP_008193698_unclassified_Thermotoga

BaFi_TDO70517_Halanaerobium_saccharolyticum

SAR_KAF4660387_Perkinsus_chesapeaki

Bac_MBC7328227_bacterium

BaFi_NFE73581_Clostridium_botulinum

BaFi_NDL68845_Clostridiales_bacterium_F-3ap

Bac_HHV80525_bacterium

BaFi_NLJ25083_Firmicutes_bacterium

Bac_MBD3307028_candidate_division_KSB3_bacterium

Dis_CCM18509_Leishmania_guyanensis

Dis_EPY37708_Angomonas_deanei

Bac_GAK50332_Moduliflexus_flocculans

Bac_MYE00183_Alphaproteobacteria_bacterium

Bac_HHR46058_Armatimonadetes_bacterium

Bac_RKX45573_Thermotogae_bacterium

SAR_KAF4736362_Perkinsus_olseni

BaFi_OGO80986_Clostridiales_bacterium_GWC2_40_7

AKO_002929

Dis_XP_009307774_Trypanosoma_grayi

Bac_HGJ64409_bacterium

BaFi_WP_181338603_Hydrogenispora_sp._UUS1-1

BaFi_PZM89602_Clostridium_cellulosi

BaFi_WP_036588826_Paenibacillus_sophorae

Bac_MBC7330535_bacterium

Bac_NSW54383_Armatimonadetes_bacterium

Bac_HAJ95399_Actinobacteria_bacterium

Arc_HHP92808_Candidatus_Bathyarchaeota_archaeon

BaFi_WP_083258604_Cellulosilyticum_sp._I15G10I2

Bac_HDO76393_Candidatus_Poribacteria_bacterium

BaFi_SCI85787_uncultured_Clostridium_sp.

Arc_NVM27446_Candidatus_Helarchaeota_archaeon

Bac_NLY04536_Atribacteria_bacterium

Ani_KPI87802_Leptomonas_seymouri

Bac_HGE71164_Candidatus_Poribacteria_bacterium

Bac_NQT53564_bacterium

BaFi_HBE76493_Firmicutes_bacterium

Bac_GFP42567_Candidatus_Hakubanella_thermoalkaliphilus

Bac_NOZ23038_Planctomycetes_bacterium

BaFi_WP_013780809_Mahella_australiensis

46

9

99

98

97

100

71

18

74

2

44

27

100

100

100

9

100

50

60

79

86

38

99

73

16

32
100

25

26

77

2

2

100

1

22

45

61
94

49

91

50

96
93

100

37 49

16

100

91

60

23

56

100

55

100

98

18

3

100

99

77

100

40
98

71

40

100

3

100

44
53

54

89

100

72

93

100

42

AKO1_002929
AKO1_006794

AKO1_012347
AKO1_002921



0 .2

Arc_NPD89243_Asgard_group_archaeon

Arc_NHJ48120_Asgard_group_archaeon

Amo_KYQ90422_Tieghemostelium_lacteum

Arc_RMF30624_Thaumarchaeota_archaeon

Pla_MBC9853013_Adiantum_capillus-veneris

Dis_XP_009314999_Trypanosoma_grayi

Bac_WP_010665023_Marinilabilia_salmonicolor

Ani_KAE9552854_Halicephalobus_sp._NKZ332

Bac_NPA14156_Aquificae_bacterium

Arc_MAR41736_Euryarchaeota_archaeon

Pla_RWW90361_Ensete_ventricosum

Amo_XP_012755205_Acytostelium_subglobosum_LB1

Pla_MQM22496_Colocasia_esculenta

Ani_KFD46736_Trichuris_suis

Pla_KMZ63264_Zostera_marina

Dis_KPI87575_Leptomonas_seymouri

Bac_WP_016778897_Anaerophaga_thermohalophila

Bac_RLB23872_Deltaproteobacteria_bacterium

Arc_HGD35746_Nitrososphaerales_archaeon

Amo_XP_004337602_Acanthamoeba_castellanii_str._Neff

Bac_WP_012963947_Hydrogenobacter_thermophilus

Bac_RMH33778_Acidobacteria_bacterium

Dis_EKF26005_Trypanosoma_cruzi_marinkellei

Dis_CCW66285_Phytomonas_sp._isolate_Hart1

Bac_WP_103663809_Gracilimonas_amylolytica

Amo_KAF2075452_Polysphondylium_violaceum

Bac_HGR86087_Bacteroidales_bacterium

Bac_WP_007474347_Caminibacter_mediatlanticus

FuAs_KGQ13732_Beauveria_bassiana_D1-5

Arc_TAL53226_Nanoarchaeota_archaeon

Dis_XP_002673466_Naegleria_gruberi_strain_NEG-M

Pla_XP_008787517_Phoenix_dactylifera

Dis_XP_015664031_Leptomonas_pyrrhocoris

Ani_XP_011861223_Vollenhovia_emeryi

Pla_XP_024383277_Physcomitrium_patens

Bac_OFX21632_Bacteroidetes_bacterium_GWA2_31_9b

Ani_TKR64935_Steinernema_carpocapsae

Dis_KAF0973301_Naegleria_fowleri

Arc_RMG31600_Euryarchaeota_archaeon

Arc_RLE60329_Thermoprotei_archaeon

Dis_XP_845833_Trypanosoma_brucei_brucei_TREU927

Bac_HAX94903_Prolixibacteraceae_bacterium

Amo_XP_020427974_Heterostelium_album_PN500

Ani_XP_002113461_Trichoplax_adhaerens

AKO_004504

Ani_RUS70070_Elysia_chlorotica

Arc_HGC33667_Nitrososphaerales_archaeon

Bac_NPB05000_Aquificae_bacterium

Bac_GAP70767_Bacteroidales_bacterium_6E

Amo_XP_004361553_Cavenderia_fasciculata

Bac_TDI93960_Caldithrix_sp.

Amo_AAA33213_Dictyostelium_discoideum

Pla_KAF1857611_Lupinus_albus

Dis_CAD2222035_Angomonas_deanei

Bac_WP_021958486_Brachyspira_aalborgi

Arc_RLF61443_Thermoplasmata_archaeon

Pla_XP_020091453_Ananas_comosus

Pla_PRW44911_Chlorella_sorokiniana
Pla_GBG88782_Chara_braunii

Arc_KKK42185_Lokiarchaeum_sp._GC14_75

Dis_CCD14937_Trypanosoma_congolense_IL3000

Ani_VDM52789_Angiostrongylus_costaricensis
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j) AKO1_004994
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AKO1_004994

SAR_KAA0175977_Cafeteria_roenbergensis

SAR_OLP77113_Symbiodinium_microadriaticum

Pla_XP_005711712_Chondrus_crispus

Ani_XP_004994642_Salpingoeca_rosetta

Bac_MBC7230702_Actinobacteria_bacterium

Ani_XP_013760359_Thecamonas_trahens_ATCC_50062

FuX_GAM89555_fungal_sp._No.11243

SAR_XP_004989162_Salpingoeca_rosetta

Ani_XP_013762023_Thecamonas_trahens_ATCC_50062

Ani_XP_004346069.2_Capsaspora_owczarzaki_ATCC_30864

Amo_XP_004335363_Acanthamoeba_castellanii_str._Neff

FuAsPe_RFU32525_Scytalidium_lignicola

Ani_XP_013752868_Thecamonas_trahens_ATCC_50062

Dis_KAF0972526_Naegleria_fowleri

Amo_PRP88055_Planoprotostelium_fungivorum

Dis_XP_002673005_Naegleria_gruberi_strain_NEG-M

Amo_PRP78607_Planoprotostelium_fungivorum

FuAsPe_XP_007803232_Endocarpon_pusillum_Z07020

FuBa_ORY26779_Naematelia_encephala

Bac_WP_061925433_Streptomyces_bungoensis

FuAsPe_PUU73327_Tuber_borchii

FuAsPe_XP_024720456_Amorphotheca_resinae_ATCC_22711

Bac_WP_116102425_Amycolatopsis_thermalba

SAR_KAF4648754_Perkinsus_olseni

SAR_KAA0150905_Cafeteria_roenbergensis

FuBa_KAF5370761_Tetrapyrgos_nigripes

Dis_XP_002671979_Naegleria_gruberi

Pla_QDZ24917_Chloropicon_primus

Dis_XP_002675794_Naegleria_gruberi_strain_NEG-M

SAR_KAF4656954_Perkinsus_chesapeaki

SAR_OLQ12548_Symbiodinium_microadriaticum

SAR_KAF4696014_Perkinsus_olseni

XP_004365440.2_Capsaspora_owczarzaki_ATCC_30864

Bac_NQT54061_bacterium

Bac_PTW78649_Mycobacterium_sp._YR782

Arc_TFH48914_Methanothrix_sp.

Pla_QDZ18453_Chloropicon_primus

Pla_XP_023871265_Quercus_suber

Dis_KAF0980379_Naegleria_fowleri

Dis_KAF0978476_Naegleria_fowleri

Ani_XP_001749350_Monosiga_brevicollis_MX1

FuBa_KTB39174_Moniliophthora_roreri

FuAsPe_OCL14774_Glonium_stellatum

FuAs_GAO50557_Saitoella_complicata_NRRL_Y-17804

Ani_XP_001750804_Monosiga_brevicollis_MX1

Ani_XP_004347702_Capsaspora_owczarzaki_ATCC_30864

Dis_CUG86792_Bodo_saltans

Dis_XP_002682079_Naegleria_gruberi_strain_NEG-M

AKO_004994

Arc_OUX25624_Euryarchaeota_archaeon_TMED255

FuAsPe_XP_018061531_Phialocephala_scopiformis

FuAsPe_RPA97433_Choiromyces_venosus_120613-1
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k) AKO1_006518

AKO1_006518

l) AKO1_007316
AKO1_005983
AKO1_007316
AKO1_015078

0 .3

BagP_AKJ43384_Pragia_fontium

Bac_TAM92323_bacterium

Dis_AKE98592_Trypanosoma_serpentis

Bac_MBC7528816_Chthonomonadaceae_bacterium

Dis_ABO92935_Trypanosoma_vivax

Arc_RLG98998_Bathyarchaeota_archaeon

Bac_WP_068421473_Planctomyces_sp._SH-PL62

Bac_NQV27714_Rhodopirellula_sp.

Bac_TAM74317_bacterium

Fun_XP_036665071_Candida_parapsilosis

Arc_WP_135822211_Halostella_litorea

Fun_XP_007826856_Pestalotiopsis_fici_W106-1

AK_06518_2

SAR_KAF4717426_Perkinsus_olseni

BagP_WP_006321706_Serratia

Amo_XP_004335083_Acanthamoeba_castellanii

Arc_HGI37557_Bathyarchaeota_archaeon

Bac_TXE22663_Empedobacter_haloabium

Fun_XP_017996251_Phialophora_attinorum

BagP_WP_064546687_Buttiauxella_ferragutiae

Pla_XP_005765085_Emiliania_huxleyi_CCMP1516

Bac_TGP47790_bacterium_M00.F.Ca.ET.228.01.1.1

SAR_KOO30083_Chrysochromulina_tobinii

Bac_MSV31997_Bryobacterales_bacterium

Bac_APW63878_Paludisphaera_borealis

Dis_AKE98594_Trypanosoma_sp._RCF-2014
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Ba_SER30120_Pseudomonas_lutea

Ba_OLC75474_Gemmatimonadetes_bacterium_13_1_40CM_4_69_8

Ba_WP_014258325_Desulfovibrio_africanus

Ba_PZS08469_Solirubrobacterales_bacterium

Arc_WP_049996946_Halococcus_sediminicola

Arc_WP_008383791_Halogeometricum_pallidum

Arc_WP_048079911_Methanobacterium

AKO_015078

Ba_WP_058788192_Pseudomonas_psychrotolerans
Ba_WP_047695842_Xanthomonas_cannabis

Ba_PYO65431_Gemmatimonadetes_bacterium

Arc_OLB47594_archaeon_13_2_20CM_2_53_6

AKO_007316_r1

Ba_PZS39520_Pseudonocardiales_bacterium

Arc_OLE77601_archaeon_13_1_20CM_2_54_9

Ba_WP_093275843_Saccharopolyspora_shandongensis

Ba_PZN90559_bacterium

Ba_WP_043866357_Atlantibacter_hermannii

Ex_XP_002672551_Naegleria_gruberi
Ex_XP_002676041_Naegleria_gruberi

Ba_WP_070405749_Kozakia_baliensis

AKO_005983

Arc_WP_008389928_Halogeometricum_pallidum

Ba_RMH07197_Nitrospirae_bacterium

Ba_WP_115576660_Xanthomonas_campestris

Ba_EWT05418_Intrasporangium_chromatireducens_Q5-1

Ba_KPK21670_Nitrospira_bacterium_SG8_3

Ba_REK05523_Planctomycetes_bacterium

Ba_PYR12894_Acidobacteria_bacterium

FuXx_PJF18903_Paramicrosporidium_saccamoebae

Ba_WP_088221942_Enterobacter_kobei

Ba_PZS17000_Acidimicrobiales_bacterium

Ba_WP_125292659_Atlantibacter_subterranea

Ba_WP_046279179_Limnoraphis_robusta

FuXx_XP_013238247_Mitosporidium_daphniae

Ba_AHF78563_Sodalis_praecaptivus

FuXx_ORY08170_Basidiobolus_meristosporus_CBS_931.73

Ba_PZS20537_Pseudonocardiales_bacterium

Ba_PYR36951_Acidobacteria_bacterium

Arc_RMF64053_Calditrichaeota_bacterium

Ba_PZP45992_Azospirillum_brasilense

Arc_OLD34202_Crenarchaeota_archaeon_13_1_40CM_2_52_14

Arc_WP_069583142_Methanobacterium

Am_PRP81420_Planoprotostelium_fungivorum

Ba_KMQ50064_Chitinispirillum_alkaliphilum
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m) AKO1_008377
AKO1_008377
AKO1_009934
AKO1_011055

n) AKO1_008403

AKO1_008043

0 .3

Str_CAB9501928_Seminavis_robusta

Opi_CAI8020770_Geodia_barretti

Amo_XP_012756624_Acytostelium_subglobosum_LB1

Amo_XP_012749917_Acytostelium_subglobosum_LB1

Dis_CAG4714457_Naegleria_fowleri

Amo_XP_012755231_Acytostelium_subglobosum_LB1

Dis_XP_044556952_Naegleria_fowleri

Dis_CAG4709992_Naegleria_fowleri

Pla_GFR42712_Astrephomene_gubernaculifera

Bac_RKZ90838_Gammaproteobacteria_bacterium

Alv_CEM10814_Vitrella_brassicaformis_CCMP3155

Str_OWZ17349_Phytophthora_megakarya

Bac_NDC89290_Bacteroidota_bacterium

Opi_XP_004349207_Capsaspora_owczarzaki_ATCC_30864

Dis_XP_044557878_Naegleria_fowleri

AKO_011055

Str_GFH53119_Chaetoceros_tenuissimus

Str_XP_002291976_Thalassiosira_pseudonana_CCMP1335

Bac_WP_215310462_Polynucleobacter_paneuropaeus

Bac_MBI3876648_Verrucomicrobiota_bacterium

Amo_XP_020438891_Heterostelium_album_PN500

Bac_MBI3396671_Spirochaetia_bacterium

Dis_XP_002675982_Naegleria_gruberi

Dis_XP_044556489_Naegleria_fowleri

Amo_XP_020436780_Heterostelium_album_PN500

Bac_MBC7978214_Myxococcales_bacterium

Str_XP_002288198_Thalassiosira_pseudonana_CCMP1335

AKO_009934

Bac_OYX01611_Rhizobiales_bacterium_32-66-8

Str_CAH0516324_Peronospora_belbahrii

Dis_XP_002675302_Naegleria_gruberi

Alv_CEM39548_Vitrella_brassicaformis_CCMP3155

Str_GFH55953_Chaetoceros_tenuissimus

Bac_MCI0443350_bacterium

Str_GFH50995_Chaetoceros_tenuissimus

Opi_XP_004364868_Capsaspora_owczarzaki_ATCC_30864

Opi_NXA83511_Thryothorus_ludovicianus

Amo_PRP87571_Planoprotostelium_fungivorum

Amo_KAH3760158_Pelomyxa_schiedti

Amo_PRP81754_Planoprotostelium_fungivorum

Dis_XP_044544372_Naegleria_lovaniensis

Amo_XP_004358660_Cavenderia_fasciculata

Opi_XP_011270690_Capsaspora_owczarzaki_ATCC_30864

Amo_KYQ90081_Tieghemostelium_lacteum

AKO_008377

Bac_TBR26552_Reyranella_sp.

Str_XP_002293472_Thalassiosira_pseudonana_CCMP1335

Pla_GAQ88354_Klebsormidium_nitens

Alv_KAF4671257_Perkinsus_chesapeaki

Dis_XP_002677369_Naegleria_gruberi

Amo_XP_020432066_Heterostelium_album_PN500

Str_XP_002292419_Thalassiosira_pseudonana_CCMP1335

Amo_KAH3762999_Pelomyxa_schiedti

Opi_CAI8020768_Geodia_barretti

Bac_NBR84240_Verrucomicrobiota_bacterium

Amo_KAH3764455_Pelomyxa_schiedti

Str_XP_002291338_Thalassiosira_pseudonana_CCMP1335

Bac_MBL8671094_Alphaproteobacteria_bacterium

Bac_MCK5517259_Desulfobulbaceae_bacterium

Str_XP_002292216_Thalassiosira_pseudonana_CCMP1335

Amo_KAF2076091_Polysphondylium_violaceum

Str_KAK1741375_Skeletonema_marinoi

Amo_XP_004360078_Cavenderia_fasciculata

Str_CAB9497927_Seminavis_robusta

Opi_XP_045163816_Mercenaria_mercenaria
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SPR01287_Plasmodiophora_brassicae

Bac_MBU2009857_Chloroflexota_bacterium

Bac_MBV7329403_Chloroflexi_bacterium_TSY

Bac_WP_150696034_Pandoraea_terrae

Bac_MBV9300557_Acidobacteriaceae_bacterium

Bac_MDH4136239_Anaerolineae_bacterium

Bac_WP_171690533_Paenibacillus_germinis

Bac_MBI6546498_Cyanobacteria_bacterium_NC_groundwater

Bac_OLB40608_Acidobacteria_bacterium_13_2_20CM_57_17

Bac_NBQ13152_Pseudomonadota_bacterium

Bac_MDD2815965_Thiotrichaceae_bacterium

Bac_MBI6547178_Cyanobacteria_bacterium_NC_groundwater

XP_044552897_Naegleria_lovaniensis

AKO_008403

XP_044542418_Naegleria_lovaniensis

XP_044553884_Naegleria_lovaniensis

Bac_MBV7329405_Chloroflexi_bacterium_TSY

XP_044562389_Naegleria_fowleri

Bac_OJJ23432_marine_bacterium_AO1-C
Bac_MBC7545606_Candidatus_Sericytochromatia_bacterium

Bac_WP_235700042_Clostridium_hydrogenum

XP_044542767_Naegleria_lovaniensis

XP_044567105_Naegleria_fowleri

Bac_MCX6615050_Acidobacteriota_bacterium

XP_002680256_Naegleria_gruberi
XP_002674300_Naegleria_gruberi

Bac_WP_190888764_Spirosoma_profusum

XP_002670636_Naegleria_gruberi

Bac_MBV9300559_Acidobacteriaceae_bacterium

XP_005785260_Emiliania_huxleyi_CCMP1516
XP_044543122_Naegleria_lovaniensis

Bac_WP_111000939_Taibaiella_soli

Bac_MCE2717020_Alphaproteobacteria_bacterium

Bac_WP_260793450_Occallatibacter_riparius

CAG4718211_Naegleria_fowleri

XP_002672674_Naegleria_gruberi

Bac_NWF85850_Bryobacteraceae_bacterium
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o) AKO1_008555

AKO1_008555

p) AKO1_008593

AKO1_008593

0 .3

Arc_HDD72129_Candidatus_Bathyarchaeota_archaeon
Bac_HDU65109_Acidobacteria_bacterium

FuAs_XP_033661793_Zasmidium_cellare_ATCC_36951
FuX_RKP38925_Dimargaris_cristalligena

Arc_HGI38183_Candidatus_Bathyarchaeota_archaeon

Arc_HGK14257_Candidatus_Bathyarchaeota_archaeon
Bac_HEY45711_Anaerolineae_bacterium

Bac_OGL63947_Candidatus_Tectomicrobia_bacterium_RIFCSPLOWO2_02_FULL_70_19

FuX_RIB22232_Gigaspora_rosea

FuX_ORZ34774_Catenaria_anguillulae_PL171

AKO_008555

Arc_HGM37186_Nitrososphaeria_archaeon

FuX_KNE67178_Allomyces_macrogynus_ATCC_38327

FuX_RKP23989_Syncephalis_pseudoplumigaleata

Bac_MYA97186_Nitrospinae_bacterium

FuAs_THY64433_Aureobasidium_pullulans

Str_KAF4323791_Phytophthora_kernoviae_00238_432

Str_TMW67791_Pythium_oligandrum

FuX_RKO90902_Blyttiomyces_helicus

Arc_HHK68734_Candidatus_Caldiarchaeum_subterraneum

FuX_RHZ47632_Diversispora_epigaea

Arc_RLE80329_Thermoprotei_archaeon

Str_RLN36564_Nothophytophthora_sp._Chile5

Arc_HGM37185_Nitrososphaeria_archaeon

FuX_GAW15240_fungal_sp._No.14919

FuX_RKP14512_Piptocephalis_cylindrospora

FuX_KNE60399_Allomyces_macrogynus_ATCC_38327

FuX_TPX59913_Powellomyces_hirtus

Str_CCA18881_Albugo_laibachii_Nc14

FuX_XP_016608691_Spizellomyces_punctatus_DAOM_BR117

Arc_HGK14389_Candidatus_Bathyarchaeota_archaeon

FuX_ORY06352_Basidiobolus_meristosporus_CBS_931.73
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Bac_WP_169699624_Mesotoga_infera

Arc_TFG21391_Candidatus_Lokiarchaeota_archaeon

Bac_TVR76570_Chitinophagaceae_bacterium

Bac_OGO67417_Chloroflexi_bacterium_RBG_19FT_COMBO_56_12

Bac_MSN24696_Geobacter_sp.

Oom_TYZ66166_Pythium_brassicum

Bac_HGO78722_Anaerolinea_sp.

Bac_KPK47572_Dehalococcoidia_bacterium_SM23_28_2

Ani_XP_014146395_Sphaeroforma_arctica_JP610

Arc_TAL57667_Nanoarchaeota_archaeon

Bac_NLX34277_Thermotogaceae_bacterium

Arc_NTV23036_Nanoarchaeota_archaeon

Bac_KAB2864436_Anaerolineae_bacterium

SAR_CBJ25919_Ectocarpus_siliculosus

Arc_NPD87940_Asgard_group_archaeon
Arc_NHJ05026_Candidatus_Heimdallarchaeota_archaeon

Bac_HDP67758_Candidatus_Marinimicrobia_bacterium

Ani_CRK93015_Clunio_marinus

Bac_RQD75451_Halanaerobium_sp._MSAO_Bac5

Bac_NWG13626_Acidobacteria_bacterium

Bac_NIM48824_Gemmatimonadales_bacterium

AKO_008593

Fun_RUS16916_Endogone_sp._FLAS-F59071

Ani_XP_019613893_Branchiostoma_belcheri

Arc_MBD3312148_archaeon

SAR_XP_005833800_Guillardia_theta_CCMP2712

Pla_GAQ77797_Klebsormidium_nitens

Pla_XP_005651876_Coccomyxa_subellipsoidea_C-169

Fun_KNE68799_Allomyces_macrogynus_ATCC_38327

Fun_RKP20367_Rozella_allomycis_CSF55

Bac_NUM45139_Anaerolineales_bacterium

Bac_NIM60007_Candidatus_Aminicenantes_bacterium

Bac_KAB2905503_Anaerolineae_bacterium

Pla_KAA8499150_Porphyridium_purpureum

Bac_PSR03717_Bacteroidetes_bacterium_SW_11_45_7

Bac_MRR54163_Deltaproteobacteria_bacterium

Oom_OQS03153_Thraustotheca_clavata

SAR_XP_005839277_Guillardia_theta_CCMP2712

Fun_TPX77711_Chytriomyces_confervae

Bac_NIM91588_Candidatus_Aminicenantes_bacterium

Bac_PJF43761_Candidatus_Thermofonsia_Clade_2_bacterium

Bac_RPA67885_Cyclobacteriaceae_bacterium_YHN15
Arc_MBD3191984_Candidatus_Heimdallarchaeota_archaeon

Bac_NWG06389_Chloroflexi_bacterium

Arc_MBD3204041_Candidatus_Woesearchaeota_archaeon
Pla_KAA8495779_Porphyridium_purpureum

Bac_NDJ84530_Chloroflexi_bacterium

Pla_CBJ31268_Ectocarpus_siliculosus

Bac_WP_136798776_Desulfopila_sp._IMCC35004

71

94

100

19

50

73

30

49

12

94

18

100

99

71

81

59

81

87

98

96

87

39

87

20

20

13

58

5192

19

28

100

70

47

100

59

100

22

47

99

94

100

71

53

45

44

23

42

99

66

75

44
100

98

44 55

97

100

9
25

64

15

13

35
99

AKO1_008555

AKO1_008593



q) AKO1_008594

AKO1_008594
AKO1_010353

AKO1_009350
AKO1_000153

r) AKO1_009350

0 .3

SAR_OQR92750_Achlya_hypogyna

AKO_010353

Dis_EKF32910_Trypanosoma_cruzi_marinkellei

Ani_XP_027046910_Pocillopora_damicornis

SAR_OMJ88285_Stentor_coeruleus

SAR_PHJ25465_Cystoisospora_suis

SAR_OMJ83435_Stentor_coeruleus

SAR_XP_004030155_Ichthyophthirius_multifiliis

SAR_OMJ79431_Stentor_coeruleus

Ani_XP_007254482.2_Astyanax_mexicanus

Ani_GCF54997_Paroedura_picta

AKO_008594

Amo_BAN39002_Entamoeba_histolytica

SAR_XP_013432798_Eimeria_necatrix

Ani_XP_015266829_Gekko_japonicus

Ani_XP_004345800_Capsaspora_owczarzaki_ATCC_30864

SAR_TNV73239_Halteria_grandinella

Dis_EKG04506_Trypanosoma_cruzi

SAR_XP_001008119_Tetrahymena_thermophila_SB210

Dis_ESL10493_Trypanosoma_rangeli_SC58

Amo_XP_004351686_Acanthamoeba_castellanii_str._Neff

Ani_XP_028397941_Dendronephthya_gigantea

Dis_XP_029234805_Trypanosoma_rangeli

Ani_XP_015743471_Python_bivittatus

Ani_XP_036405040_Megalops_cyprinoides

SAR_CDW91759_Stylonychia_lemnae

SAR_XP_001014937_Tetrahymena_thermophila_SB210

SAR_KAF4692890_Perkinsus_olseni

Dis_XP_009308019_Trypanosoma_grayi

SAR_KAF0724816_Aphanomyces_euteiches

SAR_KRX00391_Pseudocohnilembus_persalinus

Ani_KAF5895385_Clarias_magur

Dis_ESL10649_Trypanosoma_rangeli_SC58

Ani_XP_006633068_Lepisosteus_oculatus

SAR_XP_026191471_Cyclospora_cayetanensis

Ani_XP_012559702_Hydra_vulgaris

SAR_XP_013231942_Eimeria_tenella

Dis_XP_822087_Trypanosoma_cruzi_strain_CL_Brener
Dis_XP_806783_Trypanosoma_cruzi_strain_CL_Brener

SAR_OEH74228_Cyclospora_cayetanensis

SAR_KAF4662546_Perkinsus_olseni

SAR_CEM22700_Vitrella_brassicaformis_CCMP3155

Ani_XP_028816206_Denticeps_clupeoides

Amo_XP_004184443_Entamoeba_invadens_IP1

SAR_KAF4671906_Perkinsus_chesapeaki

Ani_XP_034162031_Pangasianodon_hypophthalmus

Amo_PRP87986_Planoprotostelium_fungivorum

Dis_XP_029237837_Trypanosoma_rangeli

Ani_XP_019860102_Amphimedon_queenslandica

SAR_XP_026192601_Cyclospora_cayetanensis

Dis_XP_029225777_Trypanosoma_conorhini

Ani_XP_030650346_Chanos_chanos

SAR_RHZ31599_Aphanomyces_astaci

Ani_XP_018589345_Scleropages_formosus

Ani_XP_031550951_Actinia_tenebrosa

Dis_XP_009308580_Trypanosoma_grayi

16

87

25

99

81

88

100

38

76

10040

48

89

83

73

73

95
63

25

97 85

12

16

97

80

100

97

100

36

28

98

100

74

94

100

98

56

68

40

100

73

93

14

37

44

21

99

36

24

56

80

98

34

34

38

36

44

31

26

16

100

36

93

100

45

65

0 .2

FuX_XP_025167306_Rhizophagus_irregularis_DAOM_181602=DAOM_197198

FuX_TPX58272_Powellomyces_hirtus

FuX_KNE59676_Allomyces_macrogynus_ATCC_38327

Dis_XP_015661174_Leptomonas_pyrrhocoris

FuX_XP_031022975_Synchytrium_microbalum

FuX_EPZ34775_Rozella_allomycis_CSF55

Dis_EPY33141_Angomonas_deanei

FuX_RKO99305_Caulochytrium_protostelioides

FuX_ORY77468_Neocallimastix_californiae

FuX_OZJ04920_Bifiguratus_adelaidae

FuX_OUM68182_Piromyces_sp._E2

FuX_RKO86921_Blyttiomyces_helicus

FuX_ORY22262_Rhizoclosmatium_globosum

AKO_000153

FuX_XP_016606033_Spizellomyces_punctatus_DAOM_BR117

Dis_CCW72335_Phytomonas_sp._isolate_Hart1

Dis_KAF0982424_Naegleria_fowleri

FuX_RHZ86211_Diversispora_epigaea

Dis_KPI83893_Leptomonas_seymouri

FuX_RUS34602_Jimgerdemannia_flammicorona

FuX_ORZ39553_Catenaria_anguillulae_PL171

FuX_KXS21829_Gonapodya_prolifera_JEL478

FuX_RKP38903_Dimargaris_cristalligena

FuX_GBC00808_Rhizophagus_clarus
FuX_RIA96111_Glomus_cerebriforme

AKO_009350

FuX_KAF7741523_Entomophthora_muscae

FuX_ORX80166_Anaeromyces_robustus

FuX_RIB05878_Gigaspora_rosea

FuX_TPX63460_Chytriomyces_confervae

Dis_EPY37291_Strigomonas_culicis

FuX_RKP28199_Syncephalis_pseudoplumigaleata

FuX_KXN73564_Conidiobolus_coronatus_NRRL_28638

FuX_TPX48556_Synchytrium_endobioticum

FuX_KXS21124_Gonapodya_prolifera_JEL478

Dis_XP_028886513_Trypanosoma_theileri

FuX_ORY47221_Rhizoclosmatium_globosum

Pla_BAK00105_Hordeum_vulgare_subsp._vulgare

FuX_TPX73662_Chytriomyces_confervae

Dis_CCW64685_Phytomonas_sp._isolate_EM1

FuX_XP_016612035_Spizellomyces_punctatus_DAOM_BR117

Dis_XP_002683528_Naegleria_gruberi_strain_NEG-M

FuX_TPX56106_Powellomyces_hirtus

Pla_GAQ87542_Klebsormidium_nitens
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s) AKO1_009644

AKO1_009644

t) AKO1_011637

AKO1_014188
AKO1_011922
AKO1_011637
AKO1_011721

An_AYV89051_Tetranychus_truncatus

SAR_KAA0157318_Cafeteria_roenbergensis

Amo_XP_012758639_Acytostelium_subglobosum_LB1
Amo_XP_020430302_Heterostelium_album_PN500

An_AFK73702_Ostrea_edulis

SAR_XP_012894058_Blastocystis_hominis

ExMo_KWX12302_Giardia_intestinalis_assemblage_B

BaXx_MBC7881550_Anaerolineae_bacterium

Pl_KAA8491752_Porphyridium_purpureum

ExDi_KPI90131_Leptomonas_seymouri

AKO_009644

Pl_XP_005782334_Emiliania_huxleyi_CCMP1516

BaXx_MBC8123487_Gemmatimonadaceae_bacterium

An_CAD5124727_Dimorphilus_gyrociliatus

ExDi_XP_002672581_Naegleria_gruberi_strain_NEG-M

An_XP_004996287_Salpingoeca_rosetta

An_XP_015735732_Coturnix_japonica

Pl_AFK33618_Lotus_japonicus

ExDi_KAF0979364_Naegleria_fowleri

SAR_SPQ99793_Plasmodiophora_brassicae
Pl_PXF41461_Gracilariopsis_chorda

SAR_CDW86855_Stylonychia_lemnae

SAR_XP_009034240_Aureococcus_anophagefferens

ExDi_KAF0853157_Andalucia_godoyi

Pl_XP_005836462_Guillardia_theta_CCMP2712
Pl_XP_005821755_Guillardia_theta_CCMP2712

An_XP_032794440_Daphnia_magna

An_ALX00041_Melanoplus_sanguinipes

SAR_OAO18196_Blastocystis_sp._ATCC_50177_Nand_II

Amo_XP_004363037_Cavenderia_fasciculata

SAR_XP_012651477_Tetrahymena_thermophila_SB210

SAR_TNV79762_Halteria_grandinella

An_XP_001742597_Monosiga_brevicollis_MX1

ExDi_XP_001567673_Leishmania_braziliensis_MHOM_BR_75_M2904

SAR_KRX10242_Pseudocohnilembus_persalinus

Fu_XP_002174073_Schizosaccharomyces_japonicus_yFS275

Pl_KOO22584_Chrysochromulina_tobinii

An_EDO37954_Nematostella_vectensis

Amo_PRP84870_Planoprotostelium_fungivorum

BaXx_WP_176232823_Escherichia_coli

Fu_ORY03773_Basidiobolus_meristosporus_CBS_931.73
SAR_CEP03839_Plasmodiophora_brassicae

An_XP_009495451_Fonticula_alba

Pl_XP_005707648_Galdieria_sulphuraria
SAR_CAB57242_Entodinium_caudatum

BaXx_WP_138150217_Acinetobacter_baumannii

Pl_XP_005767925_Emiliania_huxleyi_CCMP1516

BaCy_HIK28509_Oscillatoriaceae_cyanobacterium_M7585_C2015_266

An_XP_004365544_Capsaspora_owczarzaki_ATCC_30864

ExMo_EST43468_Spironucleus_salmonicida

SAR_XP_004037462_Ichthyophthirius_multifiliis

Pl_XP_002952178_Volvox_carteri_f._nagariensis

ExDi_XP_015663352_Leptomonas_pyrrhocoris

ExDi_CCC54213_Trypanosoma_vivax_Y486

Fu_XP_016276682_Rhodotorula_toruloides_NP11

An_EFX87672_Daphnia_pulex

Pl_PRW18396_Chlorella_sorokiniana

ExDi_EPY25982_Strigomonas_culicis

An_XP_036981504_Artibeus_jamaicensis

Fu_RKP33601_Dimargaris_cristalligena

Amo_XP_644519_Dictyostelium_discoideum_AX4

An_CAD7182471_Sepia_pharaonis
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AnBi_XP_032834577_Petromyzon_marinus

Vir_ASH98853_Common_midwife_toad_virus

SAR_KRX10946_Pseudocohnilembus_persalinus

Amo_KYQ89683_Tieghemostelium_lacteum

AnBi_XP_023324383_Eurytemora_affinis

Amo_PRP85923_Planoprotostelium_fungivorum

AnX_XP_011402524_Amphimedon_queenslandica

AnBi_XP_015909784_Parasteatoda_tepidariorum

AnBi_CAC5421512_Mytilus_coruscus

AnX_XP_032218547_Nematostella_vectensis

AnBi_CAC5421514_Mytilus_coruscus

AnX_XP_029184585_Acropora_millepora

Vir_AGV20564_Andrias_davidianus_ranavirus

AnX_XP_020895798_Exaiptasia_diaphana

AnBi_XP_022248738_Limulus_polyphemus

Amo_XP_636385_Dictyostelium_discoideum_AX4
Amo_XP_003286672_Dictyostelium_purpureum

AnX_XP_031563779_Actinia_tenebrosa

AnBi_XP_005990866_Latimeria_chalumnae

AnBi_RNA30612_Brachionus_plicatilis

AnX_XP_029194562_Acropora_millepora

AnX_XP_020607578_Orbicella_faveolata

AnBi_XP_017572503_Pygocentrus_nattereri

SAR_XP_004023972_Ichthyophthirius_multifiliis

AnX_XP_002158359_Hydra_vulgaris

SAR_KAF4656929_Perkinsus_olseni

AKO1_011922

AnBi_GBM51103_Araneus_ventricosus

AKO1_011721

AnX_XP_028402684_Dendronephthya_gigantea

AKO1_014188

AnBi_VDI83109_Mytilus_galloprovincialis

SAR_XP_001021938_Tetrahymena_thermophila_SB210

AnX_XP_020625854_Orbicella_faveolata

AnX_XP_031551643_Actinia_tenebrosa

AnBi_CDQ94231_Oncorhynchus_mykiss

AnBi_KAF5400212_Paragonimus_heterotremus

AKO1_011637

AnBi_VDI83104_Mytilus_galloprovincialis

AnBi_XP_029847759_Ixodes_scapularis

AnBi_XP_030634760_Chanos_chanos

AnBi_XP_033760427_Pecten_maximus

AnX_CAL36988_Suberites_domuncula

AnX_XP_022785415_Stylophora_pistillata

AnBi_PCG75902_Heliothis_virescens

Amo_XP_012755194_Acytostelium_subglobosum_LB1

AnBi_XP_013779234_Limulus_polyphemus

AnBi_RXM97869_Acipenser_ruthenus

AnX_XP_031559108_Actinia_tenebrosa

KAmo_AF2069316_Polysphondylium_violaceum

Fun_KEQ60580_Aureobasidium_melanogenum_CBS_110374
Fun_XP_029759814_Aureobasidium_pullulans_EXF-150

AnBi_XP_030840218_Strongylocentrotus_purpuratus

SAR_KAF4693435_Perkinsus_olseni

Fun_RIB17206_Gigaspora_rosea

Fun_ORX84629_Basidiobolus_meristosporus_CBS_931.73

AnX_XP_028402599_Dendronephthya_gigantea

AnX_XP_020897411_Exaiptasia_diaphana

SAR_GAX19699_Fistulifera_solaris

Fun_RHZ52774_Diversispora_epigaea

AnX_XP_020894548_Exaiptasia_diaphana

AnBi_KAF6777790_Paragonimus_kellicotti

AnBi_XP_035204615_Stegodyphus_dumicola

Fun_CDS13027_Lichtheimia_ramosa

96

71

89

95

82

96

71

100

69

95

61

100

99

62

68

66

63

65

99

62
75

85
89

100

91

100

100

100

77

76

77

100

77

65

99

96

68

82

100

100

99

73

72

60

77

100

78

70

100

64
68

100

100
85

100

60

100

63



u) AKO1_011734 AKO1_011734

AKO1_000105

AKO1_010239

v) AKO1_011857

AKO1_011857

0 .3

BacFi_WP_013298628_Thermoanaerobacterium_thermosaccharolyticum

Dis_CUG93173_Bodo_saltans

BacFi_RPF42902_Thermodesulfitimonas_autotrophica

Pla_EWM26435_Nannochloropsis_gaditana

Pla_XP_005703392_Galdieria_sulphuraria

Dis_XP_028879000_Trypanosoma_theileri

BacFi_WP_090766104_Bacillus_sp._OK048

BacFi_WP_168974646_Aneurinibacillus_aneurinilyticus

Arc_HEU04823_Nitrosopumilus_sp.

Amo_PRP80096_Planoprotostelium_fungivorum

Bac_HGY92356_Planctomycetes_bacterium

Arc_VVB72338_uncultured_archaeon

Pla_MBC9829063_Adiantum_capillus-veneris

Arc_TMI34905_Bathyarchaeota_archaeon

Pla_XP_002979147.2_Selaginella_moellendorffii

AKO_011857

Amo_XP_004333327_Acanthamoeba_castellanii_str._Neff

BacFi_WP_057898986_Aneurinibacillus_sp._XH2

Arc_MAG25688_Pacearchaeota_archaeon

Amo_PRP83220_Planoprotostelium_fungivorum

BacFi_WP_052812411_Aneurinibacillus_migulanus

Bac_MBC7472964_Sericytochromatia_bacterium

Arc_RLI66485_Thorarchaeota_archaeon
Bac-gP_WP_080522064_Methyloprofundus_sedimenti

Bac-aP_MAJ00558_Nisaea_sp.
Arc_MAH07839_Pacearchaeota_archaeon

Arc_WP_048141344_Methanosarcina_horonobensis
Pla_GFA85895_Tanacetum_cinerariifolium

Dis_CUG91532_Bodo_saltans

BacFi_SMB93924_Thermanaeromonas_toyohensis_ToBE

BacFi_WP_109430922_Acidibacillus_sulfuroxidans

Bac_MBI4611251_Rokubacteria_bacterium

Pla_XP_005708130_Galdieria_sulphuraria

Bac_HEJ32818_Rokubacteria_bacterium

SAR_OLP89670_Symbiodinium_microadriaticum

Bac_MBC7544142_Sericytochromatia_bacterium

Dis_KAF0982951_Naegleria_fowleri

Pla_XP_005703439_Galdieria_sulphuraria
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Bac_PPT08280_Geitlerinema_sp._FC_II

Bac_WP_166405115_Desulfonema_ishimotonii

Bac_NET48583_Merismopedia_sp._SIO2A8

Arc_WP_052300965_Methanosaeta_harundinacea

AKO1_011734

Arc_AKB85511_Methanococcoides_methylutens_MM1

Arc_WP_010875712_Methanothermobacter_thermautotrophicus

Bac_TVL97473_Candidatus_Brocadia_sp._WS118

Bac_WP_119120353_Candidatus_Cryosericum_odellii

Arc_WP_048183127_Methanoculleus_sediminis

Arc_WP_171899133_Methanobacterium_congolense

Arc_WP_148120083_Methanofervidicoccus_sp._A16

Arc_WP_167879287_Methanococcoides_vulcani

FuX_PKY50140_Rhizophagus_irregularis

Bac_WP_166347078_Desulfofundulus_sp._TPOSR

Bac_WP_157453451_Coleofasciculus_chthonoplastes

FuX_RHZ89612_Diversispora_epigaea

Arc_AKB48038_Methanosarcina_sp._Kolksee

Bac_OGP10058_Deltaproteobacteria_bacterium_GWA2_43_19

Arc_WP_011307555_Methanosarcina_barkeri

Arc_TRZ67047_Methanothrix_sp.

Dis_XP_009313599_Trypanosoma_grayi

FuX_RHZ84300_Diversispora_epigaea

AKO1_010239

SAR_GAX98604_Pythium_insidiosum

Dis_CAD2217964_Angomonas_deanei

Ani_EEC02817_Ixodes_scapularis

Bac_WP_096563386_Scytonema_sp._NIES-4073

Arc_WP_012194512_Methanococcus_maripaludis

Dis_KPI87038_Leptomonas_seymouri

Bac_WP_084215335_Orientia_chuto

AKO1_000105

Bac_NCR56801_Microcystis_aeruginosa_LL13-06

FuX_RIB06501_Gigaspora_rosea

Dis_XP_028884828_Trypanosoma_theileri

SAR_KRX08960_Pseudocohnilembus_persalinus

FuX_KAF0501847_Gigaspora_margarita

SAR_OQR97493_Thraustotheca_clavata

Arc_HGZ58935_Euryarchaeota_archaeon

Arc_KAF5416406_Methanophagales_archaeon

SAR_XP_001427678_Paramecium_tetraurelia_strain_d4-2

Arc_SAI87494_Methanoculleus_bourgensis

Arc_QNO45912_Methanosarcinales_archaeon_ANME-2c_ERB4

FuX_GBC03111_Rhizophagus_clarus

Bac_TMB91922_Chloroflexi_bacterium

Arc_WP_015323596_Methanomethylovorans_hollandica

Bac_WP_008581546_spotted_fever_group

Arc_WP_160322767_Methanothermobacter_sp._THM-2

Bac_OQA15006_bacterium_ADurb.Bin363

Bac_WP_073630575_Scytonema_sp._HK-05

Arc_OPY20279_Methanomethylovorans_sp._PtaU1.Bin093

Bac_NEQ65826_Symploca_sp._SIO2D2

SAR_TMW67394_Pythium_oligandrum

Dis_KAF0982506_Naegleria_fowleri

Arc_WP_011500307_Methanococcoides_burtonii

SAR_OMJ91318_Stentor_coeruleus

Bac_WP_086837708_Nostoc_sp._RF31YmG

Arc_WP_013719428_Methanothrix_soehngenii

Bac_WP_108839951_Orientia_tsutsugamushi

Bac_OPZ93478_candidate_division_TA06_bacterium_ADurb.Bin417

Arc_ALI36282_Candidatus_Nitrosocosmicus_oleophilus

Arc_CBH37681_uncultured_archaeon

Bac_WP_190586118_Calothrix_sp._FACHB-156

Arc_KYK35591_Theionarchaea_archaeon_DG-70-1

Bac_WP_106874823_Candidatus_Phycorickettsia_trachydisci
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w) AKO1_011976

AKO1_008655
AKO1_000387

AKO1_011976
AKO1_004221

0 . 4

Dis_ANM86095_Stygiella_incarcerata

SAR_CAA65331_Reticulomyxa_filosa

Dis_ACA34529_Andalucia_godoyi

SAR_ADK98515_Gromia_sp._Antarctica

Amo_ACA04825_Nolandella_sp._ATCC_50913

Dis_XP_002669255_Naegleria_gruberi_strain_NEG-M

FuX_KXS11622_Gonapodya_prolifera_JEL478

SAR_AAC68506_Bigelowiella_natans

SAR_AHV91031_Haplosporidium_littoralis

Amo_AFY11950_Diachea_leucopodia

FuX_ORX58595_Piromyces_finnis

Amo_ACA04816_Telaepolella_tubasferens

Dis_ABD62814_Paravahlkampfia_sp._LA

SAR_ADK90065_Massisteria_marina

Bac_NNE90788_Verrucomicrobiales_bacterium

Dis_ALD49141_Velundella_trypanoides

Arc_MBE3050285_Bathyarchaeota_archaeon

FuAs_TGO18848_Botrytis_tulipae

AKO1_011976

Amo_AFY11951_Cribraria_cancellata

Amo_AFY11953_Reticularia_splendens

Amo_ABX25944_Thecamoeba_sp._ATCC_PRA-35

Amo_AFX73079_Cryptodifflugia_operculata

Dis_KAF0975302_Naegleria_fowleri

Amo_BAN42110_Entamoeba_invadens

FuX_GAM83572_fungal_sp._No.11243

Dis_AAK37438_Reclinomonas_americana

Amo_PRP73395_Planoprotostelium_fungivorum

FuX_TPX41444_Synchytrium_endobioticum

AKO1_008655

SAR_CEO96370_Plasmodiophora_brassicae

Amo_P50258_Physarum_polycephalum

Dis_CAA56940_Naegleria_gruberi

Dis_AAK37435_Jakoba_libera

FuAs_OBT45979_Pseudogymnoascus_sp._WSF_3629

Amo_XP_008855901_Entamoeba_nuttalli_P19

FuAs_KAF2798637_Melanomma_pulvis-pyrius_CBS_109.77

FuAs_OWP04855_Marssonina_coronariae

FuX_ORX84582_Anaeromyces_robustus

Amo_AAA29087_Entamoeba_histolytica

Bac_NKC16568_Gammaproteobacteria_bacterium

Amo_CAA26477_Physarum_polycephalum

Amo_XP_001734306_Entamoeba_dispar_SAW760

FuX_RUO96437_Jimgerdemannia_flammicorona

Amo_AFY11949_Arcyria_insignis
Amo_AFY11955_Stemonaria_longa

AKO1_004221

Dis_AAK37434_Stygiella_incarcerata

AKO1_000387

Amo_ABP93409_Corallomyxa_tenera

Amo_P04105_Physarum_polycephalum

Amo_ACA04840_Trichosphaerium_sp._ATCC_40318

Amo_AFY11954_Lycogala_epidendrum

Dis_ABD62812_Heterolobosea_sp._BA

Bac_NCY17581_Actinobacteria_bacterium

Amo_AFY11952_Didymium_squamulosum

FuX_XP_016607597_Spizellomyces_punctatus

SAR_ADK90063_Spongomonas_sp._ATCC_50405

Dis_BAJ78231_Tsukubamonas_globosa

SAR_AHV91030_Paramikrocytos_canceri
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x) AKO1_012265

AKO1_012265

y) AKO1_013224

0 .2

Bac_OFZ56113_Bacteroidetes_bacterium_RIFCSPHIGHO2_02_FULL_44_7

Bac_MBL7792784_Saprospiraceae_bacterium

Bac_MBW2277309_Deltaproteobacteria_bacterium

Arc_MCI4351604_Thermoplasmata_archaeon

Arc_PIY60263_Candidatus_Woesearchaeota_archaeon_CG_4_10_14_0_8_um_filter_47_5

Arc_MBS3164813_Candidatus_Woesearchaeota_archaeon

Bac_MDA3884630_Candidatus_Delongbacteria_bacterium

Bac_KKQ98565_Candidatus_Woesebacteria_bacterium_GW2011_GWA1_39_12

Arc_MCI4322998_Thermoplasmata_archaeon

Bac_MCD4829533_Candidatus_Cloacimonadota_bacterium

Bac_MDP2482668_Candidatus_Palauibacterales_bacterium

Bac_MCB0518879_Saprospiraceae_bacterium

Rotifer_CAF1146204_Didymodactylos_carnosus

Bac_MBC8368232_bacterium

Bac_TET81962_Anaerolineales_bacterium

Bac_MCA9555502_Myxococcales_bacterium

Bac_MBV8201518_Acidobacteriota_bacterium

Bac_KPK93147_Anaerolineae_bacterium_SM23__63

Bac_MCJ7630634_Longimicrobiales_bacterium

Bac_MDP2313169_Pseudomonadota_bacterium

Bac_MBN2496538_Deltaproteobacteria_bacterium

Bac_MCA8959988_Planctomycetota_bacterium

Bac_MAE69742_Gemmatimonadota_bacterium

Arc_PIN94164_Candidatus_Pacearchaeota_archaeon_CG10_big_fil_rev_8_21_14_0_10_31_24

Arc_MBI2133119_Candidatus_Woesearchaeota_archaeon

Bac_MCC7381582_Deltaproteobacteria_bacterium

AKO_012265

Bac_MCP3902763_Planctomycetota_bacterium

Arc_MAE13774_Candidatus_Woesearchaeota_archaeon

Bac_MCB0593988_Phaeodactylibacter_sp.

Bac_MCK6502005_Myxococcota_bacterium

Bac_MBW2527057_Deltaproteobacteria_bacterium

Arc_VVB73486_uncultured_archaeon

Rotifer_CAF1172542_Didymodactylos_carnosus

Arc_AJF61251_archaeon_GW2011_AR15

Bac_MBT8396318_Gemmatimonadota_bacterium

Bac_MCB9745009_Alphaproteobacteria_bacterium

Bac_GJM44356_Gemmatimonadota_bacterium

Bac_MBC8335948_Candidatus_Desulfolinea_nitratireducens

Bac_MCB9780431_Alphaproteobacteria_bacterium

Bac_GDX78259_Deltaproteobacteria_bacterium

Bac_MDF1665159_Planctomycetota_bacterium

Bac_WP_141200408_Persicimonas_caeni
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Arc_NVM36889_Lokiarchaeota_archaeon

Bac_NQW64178_Deltaproteobacteria_bacterium

Amo_XP_004366976_Cavenderia_fasciculata

An_KMQ93540_Lasius_niger

Arc_TFG17949_Lokiarchaeota_archaeon

Vir_YP_007674954_Loktanella_phage_pCB2051-A

Bac_MBC02651_Phycisphaerae_bacterium

Bac_OFZ26836_Bdellovibrionales_bacterium_RIFOXYA1_FULL_38_20

Bac_MBL1217141_Planctomycetes_bacterium

Bac_RTK93331_Neisseriaceae_bacterium

Bac_MBC9983563_Bradyrhizobium_campsiandrae

Vir_YP_007676112_Micromonas_pusilla_virus_12T

Bac_RMD77379_Candidatus_Dojkabacteria_bacterium

Bac_NJL31751_Phycisphaerales_bacterium

Vir_YP_009174300_Yellowstone_lake_phycodnavirus_3

Arc_MBA4405001_Nanoarchaeum_sp.

Bac_NPC66594_Komagataeibacter_melomenusus

Bac_HEU46489_Phycisphaerae_bacterium

Pla_KAF2281676_Hevea_brasiliensis

Arc_MBI2670641_Woesearchaeota_archaeon

Bac_MBC22771_Phycisphaerae_bacterium

Bac_GDY04952_Phycisphaerae_bacterium

Bac_HAW94852_Phycisphaerales_bacterium

Vir_QBK92359_Pithovirus_LCPAC304

Bac_WP_143591155_Thermus_thermophilus

Bac_MBH05344_Phycisphaeraceae_bacterium

Bac_HHS16198_Phycisphaerae_bacterium

Bac_HIC83249_Candidatus_Marinimicrobia_bacterium

Amo_XP_020429972_Heterostelium_album_PN500

Bac_NBV62965_Planctomycetes_bacterium

Bac_PIZ34296_Alphaproteobacteria_bacterium_CG_4_10_14_0_8_um_filter_37_21

Bac_MSR33241_Phycisphaerales_bacterium

Bac_GDX82969_Deltaproteobacteria_bacterium

Bac_NBX25173_Planctomycetes_bacterium

Vir_YP_009174869_Yellowstone_lake_phycodnavirus_1

Arc_NNN17932_Thermoplasmata_archaeon

Vir_ARB05725_Synechococcus_virus_S-ESS1

Bac_MBK6767805_Ardenticatenales_bacterium

Bac_MSP22008_Dehalococcoidia_bacterium

Bac_OFZ22649_Bdellovibrionales_bacterium_RIFOXYA1_FULL_36_14

Arc_MAJ18649_Euryarchaeota_archaeon

An_XP_011862178_Vollenhovia_emeryi

Amo_AAY87038_Physarum_polycephalum

AKO_013224

Bac_MBQ72440_Planctomycetaceae_bacterium
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z) AKO1_013702

AKO1_013702
AKO1_003915

AKO1_003779

aa) AKO1_014197

AKO1_014197
AKO1_007106

Bac_HEM62410_Chloroflexi_bacterium

Arc_WP_148856853_Natronococcus_sp._LS1_42

Arc_RLG34205_Methanosarcinales_archaeon

Arc_RLG22566_Methanosarcinales_archaeon

Bac_RPJ26204_Chloroflexi_bacterium

Bac_MBC8088948_Phycisphaerae_bacterium

Bac_WP_114948679_Microvirga_calopogonii

Bac_WP_010073622_Clostridium_cellulovorans

Fun_KAF5379851_Tricholomella_constricta

Arc_TFG57059_Methanomassiliicoccus_sp.

Fun_XP_008726640_Cladophialophora_carrionii_CBS_160.54

Arc_TLZ75178_Euryarchaeota_archaeon

Arc_MBA1342770_ANME-2_cluster_archaeon

Pla_KAA8490946_Porphyridium_purpureum

Arc_HGM83303_Candidatus_Bathyarchaeota_archaeon
Bac_HFH10045_Deltaproteobacteria_bacterium

Pla_PXF40596_Gracilariopsis_chorda

AKO_007106

Bac_WP_102245002_Bacteriovorax_stolpii

Bac_RPJ45983_Betaproteobacteria_bacterium

Ani_KHN82895_Toxocara_canis

Bac_HGS27716_Bacteroidetes_bacterium

Pla_XP_007508298_Bathycoccus_prasinos

Pla_KAA8496924_Porphyridium_purpureum

Fun_XP_016264351_Exophiala_oligosperma

Arc_MBD3203966_Candidatus_Woesearchaeota_archaeon

Fun_XP_014562598_Bipolaris_victoriae_FI3

Bac_RPI19751_Ignavibacteriae_bacterium

SAR_EJK49113_Thalassiosira_oceanica

Fun_KMM64586_Coccidioides_posadasii_RMSCC_3488

Bac_HGH07008_bacterium

Amo_KAF2076516_Polysphondylium

Fun_PYI29349_Aspergillus_indologenus_CBS_114.80
Fun_XP_009228856_Gaeumannomyces_tritici_R3-111a-1

Fun_OAA56267_Sporothrix_insectorum_RCEF_264

SAR_TMW61323_Pythium_oligandrum

Amo_KAF2076514_Polysphondylium

Bac_NOH04911_Chloroflexi_bacterium

Ani_XP_033634127_Asterias_rubens

Amo_KYQ91358_Tieghemostelium

Arc_MBA1341809_ANME-2_cluster_archaeon

Bac_WP_157392309_Nocardia_sp._ET3-3

Bac_WP_151866691_Alkaliphilus_sp._LacT

Ani_OZF88296_Caenorhabditis_latens

Pla_KXZ49093_Gonium_pectorale
Pla_OUS47181_Ostreococcus_tauri

SAR_XP_005841094_Guillardia_theta_CCMP2712

Ani_XP_033113616_Anneissia_japonica

Bac_WP_129890161_Ktedonosporobacter_rubrisoli

Arc_KON30826_miscellaneous_Crenarchaeota_group_archaeon_SMTZ1-55

Bac_WP_117853273_Ruminococcus_sp._AF31-8BH

Fun_EJU05905_Dacryopinax_primogenitus

Fun_XP_003174570_Nannizzia_gypsea_CBS_118893

Bac_WP_121354014_Flavisolibacter_sp._X7X

Bac_HFS79394_Chloroflexi_bacterium

Bac_MBC8438249_Deltaproteobacteria_bacterium

Arc_WP_158057827_Halorussus_sp._ZS-3

AKO_014197

Arc_VVB90167_uncultured_archaeon

SAR_KAF4651177_Perkinsus_chesapeaki

Bac_ALP53450_Candidatus_Tenderia_electrophaga

Bac_WP_158670508_Bradyrhizobium_guangdongense

Bac_RIK45711_Chloroflexi_bacterium

Amo_KAF2076515_Polysphondylium

Fun_KAF4634570_Cudoniella_acicularis

Bac_WP_115630695_Buttiauxella_agrestis

Arc_TLZ76669_Euryarchaeota_archaeon

Arc_WP_167914890_Thermococcus_sp._21S9

Fun_XP_033678371_Trematosphaeria_pertusa
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FuXx_RHZ52158_Diversispora_versiformis

Am_PRP83512_Planoprotostelium_fungivorum

FuBa_XP_007004584_Tremella_mesenterica_DSM_1558

Am_KYQ91701_Tieghemostelium_lacteum

Am_XP_020427364_Heterostelium_album_PN500

Ex_KPI83954_Leptomonas_seymouri

FuBa_SCV67904_Microbotryum_intermedium

FuXx_RIA83325_Glomus_cerebriforme

FuXx_XP_014158265_Sphaeroforma_arctica_JP610

AKO1_003779

FuXx_ORY29734_Rhizoclosmatium_globosum

Am_AOE43349_Synstelium_polycarpum

Ex_Andalucia_godoya_c9423_g1_i1

FuAs_PWW76962_Tuber_magnatum

FuBa_RSH85523_Saitozyma_podzolica

An_XP_013762183_Thecamonas_trahens_ATCC_50062

PL_XP_005708699_Galdieria_sulphuraria

SAR_XP_001014958_Tetrahymena_thermophila_SB210

FuBa_KZO96323_Calocera_viscosa_TUFC12733

FuAs_CUS09180_Tuber_aestivum

An_XP_004364396_Capsaspora_owczarzaki_ATCC_30864

FuBa_ORY21154_Naematelia_encephala

PL_OSX77272_Porphyra_umbilicalis

Am_AOE43348_Cavenderia_deminutiva

Am_XP_004333431_Acanthamoeba_castellanii_str._Neff

Oo_OQR97698_Thraustotheca_clavata

An_XP_004344552_Capsaspora_owczarzaki

Am_XP_003284405_Dictyostelium_purpureum

SAR_AEY63638_Isochrysis_sp._CCMM5001

Am_XP_003284991_Dictyostelium_purpureum

FuXx_RKO85374_Blyttiomyces_helicus

Ex_XP_002679611_Naegleria_gruberi

FuXx_RIB10348_Gigaspora_rosea

Oo_OQS01483_Achlya_hypogyna

Ex_CCW62661_Phytomonas_sp._isolate_EM1

SAR_BAA20463_Tetrahymena_pyriformis

Ex_EPY25413_Angomonas_deanei

SAR_BAO42831_Fistulifera_solaris
SAR_CBN77918_Ectocarpus_siliculosus

FuBa_KZT62668_Calocera_cornea_HHB12733

Am_XP_636528_Dictyostelium_discoideum_AX4

Am_XP_020430147_Heterostelium_album_PN500

FuXx_XP_009497667_Fonticula_alba

Am_KYQ88446_Tieghemostelium_lacteum

FuBa_GAA94643_Mixia_osmundae_IAM_14324

Ex_CCW65910_Phytomonas_sp._isolate_Hart1

SAR_XP_001430497_Paramecium_tetraurelia_strain_d4-2

PL_PXF46380_Gracilariopsis_chorda

Am_AOE43350_Coremiostelium_polycephalum

SAR_CEP01592_Plasmodiophora_brassicae

Ex_XP_001683743_Leishmania_major_strain_Friedlin

FuAs_CCG81290_Taphrina_deformans_PYCC_5710

Oo_GAX95912_Pythium_insidiosum

Am_XP_644535_Dictyostelium_discoideum_AX4

Am_XP_012753462_Acytostelium_subglobosum_LB1

SAR_BAA11924_Tetrahymena_thermophila
Oo_CCI43553_Albugo_candida

FuXx_GBC42696_Rhizophagus_irregularis_DAOM_181602=DAOM_197198

Ex_CUI15234_Bodo_saltans

Ex_XP_002677736_Naegleria_gruberi

Ex_XP_015657799_Leptomonas_pyrrhocoris

Ex_EPY25121_Strigomonas_culicis

FuBa_ORY88843_Leucosporidium_creatinivorum

Oo_OQR92110_Achlya_hypogyna
SAR_XP_009041286_Aureococcus_anophagefferens

Oo_RHY22671_Aphanomyces_invadans

Am_XP_004357764_Cavenderia_fasciculata

FuBa_OCF45616_Kwoniella_heveanensis_CBS_569

FuXx_GBC07586_Rhizophagus_clarus

FuXx_RKO85248_Blyttiomyces_helicus

FuAs_RPA91173_Choiromyces_venosus_120613-1

PL_XP_005536972_Cyanidioschyzon_merolae_strain_10D

AKO1_013702

Pl_XP_005719207_Chondrus_crispus

Oo_OQS05279_Thraustotheca_clavata

FuBa_KEP53185_Rhizoctonia_solani_123E
FuBa_EJU02565_Dacryopinax_primogenitus

AKO1_003915
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ab) AKO1_014302

AKO1_014302

ac) AKO1_014780

AKO1_014780

0 .3

smut_XP_016293211_Kalmanozyma_brasiliensis_GHG001

smut_CCF53126_Ustilago_hordei

smut_SJX62086_Sporisorium_reilianum_f._sp._reilianum
smut_CBQ72215_Sporisorium_reilianum_SRZ2

smut_CDI55599_Melanopsichium_pennsylvanicum_4

smut_CDS82418_Sporisorium_scitamineum

smut_CDR99166_Sporisorium_scitamineum

AKO_014780

smut_CCF49385_Ustilago_hordei

smut_GAC76957_Moesziomyces_antarcticus_T-34

smut_XP_012186176_Pseudozyma_hubeiensis_SY62

smut_XP_012188187_Pseudozyma_hubeiensis_SY62

smut_XP_011387890_Ustilago_maydis_521

smut_GAC77199_Moesziomyces_antarcticus_T-34

smut_ETS63193_Moesziomyces_aphidis_DSM_70725

smut_XP_014658488_Moesziomyces_antarcticus

smut_XP_016292909_Kalmanozyma_brasiliensis_GHG001

smut_SJX65190_Sporisorium_reilianum_f._sp._reilianum

smut_CDI52840_Melanopsichium_pennsylvanicum_4

smut_SAM81376_Ustilago_bromivora

smut_XP_011391558_Ustilago_maydis_521

PRP87255_Planoprotostelium_fungivorum

smut_CDW99458_Sporisorium_scitamineum

PRP85183_Planoprotostelium_fungivorum

smut_PWZ01998_Testicularia_cyperi

smut_XP_014654871_Moesziomyces_antarcticus

smut_ETS61365_Moesziomyces_aphidis_DSM_70725

smut_CBQ69547_Sporisorium_reilianum_SRZ2

smut_PWY98561_Testicularia_cyperi

PRP84963_Planoprotostelium_fungivorum
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Fun_PQK17331_Beauveria_bassiana

Fun_OMH82551_Zancudomyces_culisetae

AKO1_014302

AKO1_009603

Ani_XP_023311312_Anoplophora_glabripennis

Ani_XP_003692693_Apis_florea

AKO1_003998

Dis_XP_002676613_Naegleria_gruberi_strain_NEG-M

AKO1_009289

AKO1_003022

Dis_KAF0981948_Naegleria_fowleri

Bac_WP_182295039_Sandaracinobacter_sp._M6

Fun_KAF4585396_Ophiocordyceps_camponoti-floridani

Ani_EAT47745_Aedes_aegypti

AKO1_011475

Pla_GBG83020_Chara_braunii

AKO1_014835

Bac_MSW80077_Actinobacteria_bacterium

Dis_XP_002678233_Naegleria_gruberi_strain_NEG-M

Pla_PXF45846_Gracilariopsis_chorda

Fun_OMH78885_Zancudomyces_culisetae

Dis_KAF0977747_Naegleria_fowleri

Ani_XP_023295403_Lucilia_cuprina

Bac_WP_158103653_Crossiella_equi

Dis_XP_002669450_Naegleria_gruberi_strain_NEG-M

Bac_NUU24564_Streptomycetaceae_bacterium

Bac_EIF90223_Streptomyces_tsukubensis_NRRL18488

Bac_GHG04827_Streptomyces_hydrogenans

Bac_TSA37497_Methylococcaceae_bacterium

SAR_RHY13638_Aphanomyces_astaci

Fun_OAQ98416_Akanthomyces_lecanii

AKO1_000304

Ani_XP_021696093_Aedes_aegypti

Ani_XP_037811490_Lucilia_sericata

SAR_TMW55866_Pythium_oligandrum

SAR_EJK65868_Thalassiosira_oceanica

Bac_WP_128501737_Ornithobacterium_rhinotracheale

Dis_KAF0976661_Naegleria_fowleri

AKO1_002881

Bac_OYU14209_Alphaproteobacteria_bacterium_PA4

AKO1_011152

Bac_GHJ94543_Streptomyces_sp._NE5-10

AKO1_004398

AKO1_006082

Bac_EWM11057_Kutzneria_sp._744

AKO1_003994

Ani_AAC39131_Stomoxys_calcitrans

Ani_XP_017788939_Habropoda_laboriosa

SAR_KAF0716229_Aphanomyces_stellatus

Ani_KDR11873_Zootermopsis_nevadensis

AKO1_006362

AKO1_013884
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ad) AKO1_015320

ae) AKO1_015510

AKO1_15510

AKO1_015320
AKO1_009514

AKO1_015204
AKO1_012414

AKO1_009558

0 .3

Bac_WP_021273161_Bacteriovorax_sp._Seq25_V

Rho_PXF42385_Gracilariopsis_chorda

FunOON04106_Batrachochytrium_salamandrivorans

Pla_XP_005839950_Guillardia_theta_CCMP2712

FunXP_018226795_Pneumocystis_carinii_B80

Pla_KAG0601985_Ceratodon_purpureus

FunPVV04575_Smittium_megazygosporum

AKO_015510

Pla_GAQ78693_Klebsormidium_nitens
Bac_OGS06670_Elusimicrobia_bacterium_RIFOXYA12

Dis_KAF0852309_Andalucia_godoyi

Pla_KAG0630762_Ceratodon_purpureus
Pla_XP_024541935_Selaginella_moellendorffii

Rho_KAF6002664_Cyanidiococcus_yangmingshanensis

FunXP_031023769_Synchytrium_microbalum

Amo_PRP78029_Planoprotostelium_fungivorum

Bac_MBI5881965_Elusimicrobia_bacterium

Bac_MBF0238042_SAR324_cluster_bacterium

FunXP_025186222_Rhizophagus_irregularis

Rho_XP_005537378_Cyanidioschyzon_merolae_strain_10D

Bac_MAG31446_Deltaproteobacteria_bacterium

Rho_XP_005708000_Galdieria_sulphuraria

Bac_MBI2069002_Elusimicrobia_bacterium

FunORX89141_Basidiobolus_meristosporus_CBS_931.73

Pla_XP_024377054_Physcomitrium_patens

Bac_MBC86012_Bdellovibrionaceae_bacterium
Bac_MBC99254_Halobacteriovoraceae_bacterium

Bac_MBI4679129_Elusimicrobia_bacterium

FunPVU96864_Furculomyces_boomerangus

Bac_MBI5623307_Elusimicrobia_bacterium

Pla_QDZ18616_Chloropicon_primus

FunPWW72104_Tuber_magnatum

Rho_KAA8496888_Porphyridium_purpureum

Ani_KJE91809_Capsaspora_owczarzaki_ATCC_30864

FunRHZ57042_Diversispora_epigaea

FunKAG0221588_Mortierella_sp._GBA43
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Ba_CCH01349_Fibrella_aestuarina_BUZ_2

FuAs_PSK56859_Elsinoe_australis

AKO1_015204

FuAs_XP_008084106_Glarea_lozoyensis_ATCC_20868

FuAs_KIV77874_Exophiala_sideris

Ba_WP_096328347_Nannocystis_exedens

FuAs_KXL50765_Acidomyces_richmondensis

FuAs_XP_007804954_Endocarpon_pusillum_Z07020

FuAs_PQE14154_Rutstroemia_NJR-2017a

Am_PRP84214_Planoprotostelium_fungivorum

FuBa_XP_014568373_Mixia_osmundae_IAM_14324

Ba_WP_073484494_Streptoalloteichus_hindustanus

Ba_WP_083039880_Mycolicibacter_algericus

FuAs_PMD21355_Pezoloma_ericae

FuAs_XP_007736778_Capronia_epimyces_CBS_606.96

FuAs_RDI89842_Venturia_inaequalis

FuXx_GAM86637_fungal_sp._No.11243

FuAs_PQE02975_Rutstroemia_NJR-2017a

FuAs_PMD45674_Hyaloscypha_variabilis_F

Ba_CDZ79863_Rubidus_massiliensis

Ba_WP_086850750_Amycolatopsis_kentuckyensis

FuAs_XP_018075930_Phialocephala_scopiformis

FuAs_PMD37643_Hyaloscypha_variabilis_F

Ba_OUC92385_Streptosporangium_minutum

AKO1_015320

FuAs_XP_020129277_Diplodia_corticola

FuBa_PLW18007_Puccinia_coronata

AKO1_009558

Am_PRP85158_Planoprotostelium_fungivorum

Ba_WP_091288462_Amycolatopsis_xylanica

Am_PRP74193_Planoprotostelium_fungivorum

Ba_WP_084211402_Pseudonocardia_acaciae

FuAs_KEQ89022_Aureobasidium_pullulans_EXF-150

FuAs_OMP85604_Diplodia_seriata

FuBa_XP_016272483_Rhodotorula_toruloides_NP11

Ba_WP_119986764_Arachidicoccus_KIS59-12

FuAs_PVH81061_Cadophora_sp._DSE1049

FuAs_XP_007672395_Baudoinia_panamericana

Ba_WP_033441716_Saccharothrix_NRRL_B-16314

FuAs_EKG18918_Macrophomina_phaseolina_MS6

FuBa_KNZ62217_Puccinia_sorghi

Ba_WP_080045112_Nonomuraea_ATCC_55076

FuAs_RDL41638_Phialophora_cf._hyalina_BP_5553

FuBa_OAJ15145_Tilletia_caries

AKO1_009514

Ba_KFZ84113_Amycolatopsis_MJM2582

FuAs_XP_008080035_Glarea_lozoyensis_ATCC_20868

FuBa_XP_014566643_Mixia_osmundae_IAM_14324

FuAs_KIM96408_Oidiodendron_maius_Zn

FuAs_KKY21978_Phaeomoniella_chlamydospora

FuAs_KEQ65993_Aureobasidium_melanogenum

Am_PRP73140_Planoprotostelium_fungivorum

FuAs_PNS17530_Sphaceloma_murrayae

FuAs_CZS97235_Rhynchosporium_agropyri

AKO1_012414

Ba_WP_104976966_Sorangium_cellulosum64
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af) AKO1_015696

AKO1_007717
AKO1_015696

AKO1_010793
AKO1_010619
AKO1_010550

ag) AKO1_015737

AKO1_001128
AKO1_003298
AKO1_015737
AKO1_009920+AKO1_009902

Dis_KAF0978704_Naegleria_fowleri

Pla_KAA6420595_Trebouxia_sp._A1-2

Ani_EAT38909_Aedes_aegypti

Bac_RKY62117_Candidatus_Marinimicrobia_bacterium

Bac_PKN03183_Candidatus_Dependentiae_bacterium_HGW-Dependentiae-1

Ani_XP_022835647_Spodoptera_litura

Bac_MBC7082533_Firmicutes_bacterium

Bac_HIB27082_Candidatus_Marinimicrobia_bacterium

Bac_MBI4862276_Candidatus_Riflebacteria_bacterium

Bac_RKY47038_Candidatus_Marinimicrobia_bacterium

Arc_RLE74801_Thermoprotei_archaeon

SAR_KAF4134351_Phytophthora_infestans

Ani_CAD7245235_Darwinula_stevensoni

Bac_WP_200104279_Flavobacterium_sp._SE-1-e

Pla_XP_005715106_Chondrus_crispus

AKO1_007717

Bac_HHZ80060_Candidatus_Marinimicrobia_bacterium

Bac_HAP68432_Flavobacteriales_bacterium

Arc_NVM55804_Candidatus_Helarchaeota_archaeon

Fun_KXS17974_Gonapodya_prolifera_JEL478

Ani_AKC91352_Adineta_ricciae

Ani_CAB3409037_Caenorhabditis_bovis

Bac_MBK7707189_Acidobacteria_bacterium

SAR_VEU45281_Pseudo-nitzschia_multistriata

Bac_MBQ83371_Candidatus_Marinimicrobia_bacterium

Bac_MBI4817784_Deltaproteobacteria_bacterium

Ani_XP_975666_Tribolium_castaneum

AKO1_015696
Bac_WP_014802749_Turneriella_parva

Bac_NQT98190_Candidatus_Marinimicrobia_bacterium
Bac_PIZ67843_Candidatus_Marinimicrobia_bacterium_CG_4_10_14_0_2_um_filter_48_9

Dis_XP_002676353_Naegleria_gruberi_strain_NEG-M

Bac_HFI73228_Ignavibacteria_bacterium

Bac_PMQ00784_Dictyoglomus_sp._NZ13-RE01

Pla_XP_005715104_Chondrus_crispus

Pla_XP_005652198_Coccomyxa_subellipsoidea_C-169

Ani_XP_018008291_Hyalella_azteca

AKO1_010619

Exc_XP_001311677_Trichomonas_vaginalis_G3

Pla_PRW57011_Chlorella_sorokiniana

Dis_AAG46031_Leishmania_infantum

Ani_XP_022127597_Pieris_rapae

Bac_TSA36628_Porphyromonadaceae_bacterium

AKO1_010550

Arc_NVM28453_Candidatus_Helarchaeota_archaeon
Bac_RJP14880_Candidatus_Abyssubacteria_bacterium_SURF_5

Bac_WP_086895931_Flavobacterium_sp._AJR

Pla_RMZ52430_Auxenochlorella_protothecoides

AKO1_010793

Bac_MBI1286203_Flavobacteriales_bacterium

Bac_MAF90586_Bdellovibrionaceae_bacterium

Bac_NQU26755_Candidatus_Marinimicrobia_bacterium
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Figure S4. Phylogenetic support for Acrasis kona aggregation proteins showing evidence 
of horizontal transfer. Protein sequence phylogenies are shown for 34 A. kona Aggup genes 
showing strong evidence of evolution by horizontal gene transfer. The proteins are as follows: 
a) ABC ATPase (AKO1_000153), b) alpha-ketoglutarate-dependent dioxygenase 
(AKO1_001003), c) CCAAT-binding transcription factor subunit B (AKO1_001251), d) F-
box/SPRY domain-containing protein 1 (AKO1_001528), e) glutamine amidotransferase type 
1 (AKO1_002511), f) transformer-2 protein (AKO1_002520), g) SAM methyltransferase 
(AKO1_002921 and AKO1_012347), h) NAD(P)-dependent alcohol dehydrogenase 
(AKO1_002929), i) guanine synthetase (AKO1_004504), j) alpha/beta hydrolase 
(AKO1_004994), k) 4-hydroxyproline epimerase (AKO1_006518), l) glycoside hydrolase 
family 15 protein (AKO1_007316), m) AMP/GMP cyclase (AKO1_008377), n) LRE family 
protein (AKO1_008403), o) dimethylmenaquinone methyltransferase (AKO1_008555), p) 
phospholipid methyltransferase (AKO1_008593), q) lipid-binding START domain protein 
(AKO1_008594), r) elongation factor 3 (AKO1_009350), s) nucleoside-diphosphate kinase 
(AKO1_009644), t) LITAF-like protein (AKO1_011637), u) tetratricopeptide repeat protein 
(AKO1_011734), v) phosphatidyl-myo-inositol mannosyltransferase (AKO1_011857), w) beta 
tubulin (AKO1_011976), x) class I SAM-dependent methyltransferase (AKO1_012265), y) 
thymidylate synthase (AKO1_013224), z) stearoyl-CoA desaturase (AKO1_013702), aa) 
SAM-dependent methyltransferase (AKO1_014197), ab) trypsin-like serine protease 
(AKO1_014302), ac) salicylate 1-monooxygenase (AKO1_015320), ad) scramblase domain 
protein (AKO1_015510), ae) beta-glucosidase (AKO1_015696), and af) rvt reverse 
transcriptase (AKO1_015737). AKO1_013406 is shown in Supplementary Fig. S3. Trees were 
derived by maximum likelihood analysis of deduced amino acid sequences. Alignment lengths, 
phyogenetic methods and models used to derive the trees and tree desciptions in newick format 
are given in Supplementary Data 8. Trees are drawn to scale as indicated by individual scale 
bars and with bootstrap percentages shown on the relevant branches. Sequence labels are color-
coded according to higher-level taxonomy of their host species as indicated in the key to Figure 
S3.  
  



 

Figure S5. Sequence conservation and developmental expression of the Acrasis kona 
exosome. Homologs of exosomal proteins were identified by BLASTp using human queries. 
The strength of BLASTp hits (c-value) is indicated by color intensity (key at right). BLASTp 
hits with high e-values (e-24 to e-10) were scored as present only if their BLASTp alignments 
included >50% query coverage (cvg). Exosomal components annotated as present but with 
only very weak BLASTp scores (> e-10) are indicated in pale yellow. RNAseq length-corrected 
read numbers (RPKM) are shown for actively growing (RPKMGro), aggregating (RPKMAgg) 
and germinating (RPKMGerm) A. kona cells and similarly for growth and aggregation in 
Dictyostelium discoideum AX4 (RPKM0 and RPKM5, respectively). Green and red arrows 
indicate substantially increased or decreased (DE >0.9 or DE <-0.9, respectively) gene 
expression for growth vs aggregation (DEAgg) and aggregation vs germination (DEGerm) in A. 
kona and similar time points for Ddi AX4, i.e., 0 vs 1 (DE0_1) and 0 vs 5 (DE0_5) hours of 
starvation. Accession numbers, BLASTp e-values and gene expression values are given in 
Supplemental Data 11. Taxon names are abbreviated as follows: A. kona (Ako), Aureococcus 
anophagefferens (Aan), Chlorella sp. (Cva), Ddi AX4 (Ddi), Naegleria sp. (Ngr), 
Phaeodactylum tricornutum (Ptr), Saccharomyces cerevisiae S288c (Sce) and 
Schizosaccharomyces pombe (Spo). Ddi AX4 gene expression values were derived from 
(Santhanam et al. 2015). 
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Figure S6. The Acrasis kona kinetochore and life cycle-stage specific expression patterns. 
Homologs of kinetochore proteins were identified by BLASTp using Homo sapiens sequences 
as queries. The strength of BLASTp hits (c-value) is indicated by color intensity according to 
the key at the top right. BLASTp hits with high e-values (e-24 to e-10) were scored as present 
only if their BLASTp alignments included >50% query coverage (cvg). RNAseq length-
corrected read numbers (RPKM) are shown for A. kona for actively growing (RPKM0) and 
aggregating (RPKM5) cells and for similar time points for Dictyostelium discoideum AX4 
(growth: RPKM0, aggregation: RPKM5). Green and red arrows indicate substantially increased 
or decreased gene expression (DE >0.9, DE <-0.9, respectively) for both A. kona and D. 
discoideum for growth vs aggregation (DE0_5). Accession numbers, BLASTp e-values and gene 
expression values are given in Supplementary Data 13. Taxon names are abbreviated as 
follows: A. kona (Ako), Aureococcus anophagefferens (Aan), Chlorella variabilis (Cva), D. 
discoideum AX4 (Ddi), Naegleria gruberi (Ngr), and Saccharomyces cerevisiae S288c (Sce). 
D. discoideum AX4 gene expression values were derived from Santhanam et al. (2015).  
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Figure S7. The central cell divison regulatory proteins CDC20 and CDH1 of Acrasis kona 
are both CDC20s. Sequences were identified by taxid-limited BLASTp with human protein 
sequence queries, and all hit sequences with e- values < e-35 were retrieved. The tree was 
constructed from 306 core aligned positions using RAxML and the LG+g model [104]. 
Sequences are labeled with their GenBank annotation (otherwise denoted as hypothetical 
proteins or HP), and colored according to major taxonomy as follows: Stramenopila, Alveolata 
and Rhizaria (SAR; brown), Chlorophyta (PLA, green), Discoba (DIS, red), Amorphea (Amo, 
aqua). Numbers on branches show bootstrap values over 60%. The tree is drawn to scale 
according to the scale bar at the bottom (substitutions per site). 
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Figure S8. External signaling proteins predicted among novel Acrasis kona Aggup 
accessions. All unannotated A. kona aggregation proteins with predicted transmembrane 
domains (Supplementary Tables S13, S24) were analyzed using the Hidden Markov Model 
based GPCR predictor TMHMM 2.0 (services.healthtech.dtu.dk/service.php?TMHMM-2.0  
(Wistrand et al. 2006). A) AKO1_000822 is strongly predicted to encode a classic GPCR with 
8-9 transmembrane domains and large loops on both sides of the plasma membrane. B) 
AKO1_011986 is predicted to encode a membrane signaling or receptor protein with a single 
membrane spanning domain and large domains on both external and internal membrane 
surfaces. 
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Figure S9. The Acrasis kona genome annotation pipeline. The pipeline shown was used to 
perform structural (left) and functional (right) annotation followed by manual curation of the 
A. kona nuclear genome. Three different strategies were used to train gene predictors for 
structural annotation to produce evidence-based gene predictions, ab-initio gene predictions 
and evidence+ab-initio gene predictions.  
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