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Supplementary Figures S1-S9. Maximum likelihood trees reconstructed by IQ-TREE 
(LG+C10+F+G4 model) for meiosis-specific protein families: (S1) Spo11, (S2) Hop1, (S3) 
Hop2, (S4) Mnd1, (S5) Dmc1, (S6) Mer3, (S7) Msh4, (S8) Msh5, (S9) Rad21/Rec8. Branch 
support was estimated by ultrafast bootstrap approximation with 1000 replicates. The alveolate 
sequences in the trees are marked with blue color, while likely contaminating sequences 
discovered in the corresponding transcriptomic data are marked with red color; the 
rhytidocystid sequences are highlighted yellow. Accessions are provided next to the sequence 
names in lighter color; sequence read archive (SRA) accessions are given for sequences 
acquired from assemblies of raw sequencing data; the MMETSP type accessions correspond 
to the transcript data of the Marine Microbial Eukaryotic Transcriptome Sequencing Project 
re-assembly dataset (https://zenodo.org/record/257026). 

Supplementary Figure S10. Maximum likelihood tree of COWP-TgOWP1-7 family proteins 
reconstructed with IQ-TREE (WAG+R5 evolutionary model selected by ModelFinder); branch 
support was estimated by ultrafast bootstrap approximation with 1000 replicates. The 
rhytidocystid sequences are labeled with blue color; sequence accessions are written next to 
the sequence names in lighter color; the characterized sequences of Cryptosporidium and 
Toxoplasma OWPs are shown in the tree with the corresponding aliases. 

Supplementary Figure S11. Maximum likelihood tree of TgOWP8-12 family proteins 
reconstructed with IQ-TREE (DCMut+F+R5 evolutionary model selected by ModelFinder); 
branch support was estimated by ultrafast bootstrap approximation with 1000 replicates. The 
rhytidocystid sequences are labeled with blue color; sequence accessions are written next to 
the sequence names in lighter color; the characterized sequences of Toxoplasma OWPs are 
outlined. 

mailto:provorosenok@gmail.com
https://zenodo.org/record/257026


Spo11-1

Spo11-2

Symbiodinium microadriaticum  OLP76821.1
Symbiodinium minutum  symbB.v1.2.038121.t1

Gymnodinium catenatum  MMETSP0784_Transcript_45571::m.87846,MMETSP0784_Transcript_45572::m.87848
Kryptoperidinium foliaceum  MMETSP0120_Transcript_125498::m.252860,MMETSP0120_Transcript_125497::m.252857

Oxyrrhis marina  MMETSP0469_Transcript_17454::m.24858
Rhytidocystis sp. ex Ophelia  GHVQ01043317.1

Siedleckia nematoides  GHVU01138469.1
Pterospora schizosoma  SRA: SRR8980200,SRR8980211

Lecudina tuzetae  SRA: SRR8980209,SRR8980210
Lankesteria abbotti  SRA: SRR1300212

Cryptosporidium parvum  XP_627042.1
Piridium sociabile  SRA: SRR8980204,SRR8980205,SRR8980213

Vitrella brassicaformis  CEM21445.1,CEM21347.1
Selenidium pygospionis  GHVN01083209.1

Digyalum oweni  GHVL01023178.1
Plasmodium falciparum  XP_001350573.2

Theileria annulata  XP_953066.1
Eleutheroschizon duboscqi  GHVT01080800.1

Cephaloidophora cf. communis  GHVH01017004.1
Colpodella angusta  GDKJ01004975.1

Tetrahymena thermophila  XP_001019494.3
Entamoeba histolytica  XP_654689.1

Guillardia theta  XP_005823245.1
Stentor coeruleus  OMJ69737.1

Entamoeba histolytica  XP_653750.1
Salpingoeca rosetta  XP_004997275.1

Rozella allomycis  EPZ32525.1
Monocystis agilis  SRA: SRR8980208

Hydra vulgaris  XP_012565528.1
Aplysia californica  XP_012946885.1

Homo sapiens  Q9Y5K1
Trichoplax adhaerens  XP_002113971.1

Capsaspora owczarzaki  XP_004346332.1
Arabidopsis thaliana  NP_187923.1

Physcomitrella patens  XP_001754631.1
Acanthamoeba castellanii  XP_004334372.1

Coprinopsis cinerea  XP_001830783.2
Magnaporthe oryzae  XP_003710101.1

Spizellomyces punctatus  KNC97947.1
Mortierella verticillata  KFH65626.1

Trichomonas vaginalis  XP_001303010.1
Drosophila melanogaster  NP_995901.1

Galdieria sulphuraria  XP_005707315.1,XP_005707316.1
Blastocladiella britannica  jgi|Blabri1|416894

Bodo saltans  CUG92114.1
Trypanosoma cruzi  XP_811832.1

Thecamonas trahens  XP_013754777.1
Cyanidioschyzon merolae  XP_005535585.1

Thecamonas trahens  XP_013757390.1
Chondrus crispus  XP_005713731.1

Gracilariopsis chorda  PXF48126.1
Coemansia reversa  jgi|Coere1|87616

Cyanidioschyzon merolae  XP_005536687.1
Selenidium pygospionis  GHVN01095768.1

Polyrhabdina sp.  GHVP01013713.1
Amphiamblys sp.  OIR56682.1

Selenidium pygospionis  GHVN01052902.1
Plasmodium falciparum  XP_002585415.1

Theileria annulata  XP_954498.1
Selenidium pygospionis  GHVN01003060.1

Toxoplasma gondii  XP_002369405.1
Rhytidocystis sp. ex Ophelia  GHVQ01000247.1

Cryptosporidium parvum  XP_001388116.1
Gregarina niphandrodes  XP_011130942.1

Pterospora schizosoma  SRA: SRR8980200,SRR8980211
Lecudina tuzetae  SRA: SRR8980209,SRR8980210

Chromera velia  MMETSP0290_Transcript_52043::m.64090,MMETSP0290_Transcript_52044::m.64092
Selenidium pygospionis  GHVN01003038.1

Cephaloidophora cf. communis  GHVH01007502.1
Heliospora caprellae  SRA: SRR8980202,SRR8980203

Monocystis agilis  SRA: SRR8980208
Ancora sagittata  GHVO01058179.1

Polyrhabdina sp.  GHVP01059158.1
Oxytricha trifallax  EJY83114.1

Stylonychia lemnae  CDW83273.1
Ectocarpus siliculosus  CBJ26903.1

Phytophthora parasitica  XP_008910404.1
Nannochloropsis gaditana  EWM26210.1

Phaeodactylum tricornutum  XP_002180881.1
Thalassiosira pseudonana  XP_002292433.1

Aureococcus anophagefferens  XP_009033306.1
Aplanochytrium kerguelense  jgi|Aplke1|27513

Plasmodiophora brassicae  CEP00819.1
Bigelowiella natans  jgi|Bigna1|53566

Creolimax fragrantissima  CFRG7835T1
Naegleria gruberi  XP_002672555.1

Giardia lamblia  XP_001706588.1
Spironucleus salmonicida  EST41433.1

Chrysochromulina sp.  KOO27675.1
Emiliania huxleyi  XP_005781658.1

Pavlovales sp.  jgi|Pavlov2436_1|556105
Chondrus crispus  XP_005716271.1

Gracilariopsis chorda  PXF43683.1
Galdieria sulphuraria  XP_005708219.1

Colpodella angusta  GDKK01005316.1,GDKK01037727.1
Trypanosoma cruzi  XP_804374.1

Bodo saltans  CUG88560.1
Amphimedon queenslandica  XP_011408291.1,XP_011408059.1

Aurantiochytrium limacinum  jgi|Aurli1|53026
Chlorella variabilis  XP_005846266.1

Coccomyxa subellipsoidea  XP_005650454.1
Raphidocelis subcapitata  GBF94838.1

Chlamydomonas reinhardtii  XP_001690303.1
Arabidopsis thaliana  NP_176582.2

Physcomitrella patens  XP_001778952.1
Acanthamoeba castellanii  XP_004341016.1

Klebsormidium flaccidum  GAQ80441.1
Micromonas pusilla  XP_003057539.1

Ostreococcus lucimarinus  XP_001420895.1
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Supplementary Figure S1 (Spo11)



Cryptosporidium parvum  XP_626119.1
Lankesteria abbotti  SRA: SRR1300212

Polyrhabdina sp.  GHVP01059256.1
Selenidium pygospionis  GHVN01101824.1,GHVN01101825.1

Plasmodium falciparum  XP_001349822.1
Toxoplasma gondii  XP_018636474.1

Colpodella angusta  GDKJ01013264.1
Cephaloidophora cf. communis  GHVH01012221.1

Heliospora caprellae  SRA: SRR8980202,SRR8980203
Rhytidocystis sp. ex Travisia  GHVS01036992.1

Rhytidocystis sp. ex Ophelia  GHVQ01037918.1
Vitrella brassicaformis  CEM29398.1,CEM35150.1

Digyalum oweni  GHVM01047501.1
Theileria annulata  XP_953016.1

Giardia lamblia  XP_001707698.1
Pavlovales sp.  jgi|Pavlov2436_1|854693

Aplanochytrium kerguelense  jgi|Aplke1|56723
Aurantiochytrium limacinum  jgi|Aurli1|9808

Chondrus crispus  XP_005711764.1
Gracilariopsis chorda  PXF49070.1

Guillardia theta  XP_005829487.1
Coemansia reversa  jgi|Coere1|87762

Guillardia theta  XP_005820137.1
Chrysochromulina sp.  KOO24108.1

Emiliania huxleyi  XP_005774416.1
Trypanosoma cruzi  XP_804716.1

Bodo saltans  CUG87340.1
Bigelowiella natans  jgi|Bigna1|141598

Thecamonas trahens  XP_013762485.1
Bigelowiella natans  jgi|Bigna1|91222

Plasmodiophora brassicae  CEP00490.1
Acanthamoeba castellanii  XP_004340201.1

Trichomonas vaginalis  XP_001321336.1
Nannochloropsis gaditana  EWM22111.1

Ectocarpus siliculosus  CBN75586.1
Aureococcus anophagefferens  XP_009033825.1

Naegleria gruberi  XP_002675215.1
Arabidopsis thaliana  NP_194947.2

Arabidopsis thaliana  NP_564896.1
Physcomitrella patens  XP_001760173.1

Klebsormidium flaccidum  GAQ87261.1
Ostreococcus lucimarinus  XP_001417706.1

Coccomyxa subellipsoidea  XP_005651810.1
Chlorella variabilis  XP_005842819.1

Raphidocelis subcapitata  GBF89063.1
Hydra vulgaris  XP_012555910.1,XP_012555914.1

Salpingoeca rosetta  XP_004989119.1
Amphimedon queenslandica  XP_011402576.1

Aplysia californica  XP_005090373.1
Siedleckia nematoides  GHVV01345288.1

Homo sapiens  Q86X24
Homo sapiens  Q8N7B1

Monocystis agilis  SRA: SRR8980208
Trichoplax adhaerens  XP_002108795.1

Capsaspora owczarzaki  XP_004363476.1
Creolimax fragrantissima  CFRG7354T1

Mortierella verticillata  KFH73420.1
Mortierella verticillata  KFH69151.1

Coprinopsis cinerea  XP_001833146.2,XP_001833147.2
Spizellomyces punctatus  KND01595.1

Mitosporidium daphniae  XP_013236549.1,XP_013236548.1
Rozella allomycis  EPZ33793.1

Siedleckia nematoides  GHVV01428725.1
Siedleckia nematoides  GHVV01390747.1

Polyrhabdina sp.  GHVP01021660.1
Polyrhabdina sp.  GHVP01061867.1

Selenidium pygospionis  GHVN01007028.1
Amphiamblys sp.  OIR59167.1
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Supplementary Figure S2 (Hop1)



Perkinsus marinus  XP_002765012.1
Oxyrrhis marina  MMETSP0469_Transcript_115822::m.174923

Cryptosporidium parvum  XP_626288.1
Gregarina niphandrodes  XP_011129447.1

Ancora sagittata  GHVO01015109.1
Toxoplasma gondii  XP_002365288.1
Rhytidocystis sp. ex Travisia  GHVS01044944.1

Plasmodium falciparum  XP_001350474.1
Heliospora caprellae  SRA: SRR8980202,SRR8980203

Selenidium pygospionis  GHVN01074236.1
Siedleckia nematoides  GHVU01120173.1

Symbiodinium microadriaticum  OLP78882.1
Symbiodinium minutum  symbB.v1.2.026766.t1,symbB.v1.2.013696.t1

Alexandrium tamarense  MMETSP0382_Transcript_79098::m.164612
Gymnodinium catenatum  MMETSP0784_Transcript_78019::m.150309

Kryptoperidinium foliaceum  MMETSP0120_Transcript_134232::m.270432
Oxytricha trifallax  EJY69481.1
Stylonychia lemnae  CDW91633.1
Oxytricha trifallax  EJY77705.1

Stylonychia lemnae  CDW90904.1
Stentor coeruleus  OMJ76194.1

Stentor coeruleus  OMJ81292.1
Tetrahymena thermophila  XP_001013509.2

Tetrahymena thermophila  XP_001020981.3
Vitrella brassicaformis  CEM18474.1
Digyalum oweni  GHVM01125815.1

Plasmodiophora brassicae  CEO94729.1
Bigelowiella natans  jgi|Bigna1|127548

Digyalum oweni  GHVM01013973.1
Dictyostelium discoideum  XP_640755.1

Phytophthora parasitica  XP_008905966.1
Pythium irregulare  EPrPI00000020366

Ectocarpus siliculosus  CBJ27185.1
Aureococcus anophagefferens  XP_009034528.1

Nannochloropsis gaditana  EWM24545.1
Kryptoperidinium foliaceum  MMETSP0120_Transcript_31873::m.63705

Phaeodactylum tricornutum  XP_002185864.1
Thalassiosira pseudonana  XP_002289934.1

Chrysochromulina sp.  KOO22530.1
Emiliania huxleyi  XP_005768318.1

Pavlovales sp.  jgi|Pavlov2436_1|1024029
Trichomonas vaginalis  XP_001317406.1

Trypanosoma cruzi  XP_810537.1
Colpodella angusta  GDKK01021630.1

Bodo saltans  CUG85905.1
Giardia lamblia  XP_001704033.1

Spironucleus salmonicida  EST44748.1
Cyanidioschyzon merolae  XP_005537942.1

Chondrus crispus  XP_005715959.1
Gracilariopsis chorda  PXF40821.1
Galdieria sulphuraria  XP_005704272.1

Physcomitrella patens  XP_001782602.1
Klebsormidium flaccidum  GAQ86702.1

Arabidopsis thaliana  NP_172791.1
Micromonas pusilla  XP_003057991.1

Ostreococcus lucimarinus  XP_001417513.1
Coccomyxa subellipsoidea  XP_005643862.1

Chlorella variabilis  XP_005843785.1
Chlamydomonas reinhardtii  XP_001695346.1

Raphidocelis subcapitata  GBG00211.1
Naegleria gruberi  XP_002669742.1

Naegleria gruberi  XP_002683261.1
Acanthamoeba castellanii  XP_004334651.1

Entamoeba histolytica  XP_653175.1
Aplanochytrium kerguelense  jgi|Aplke1|56936

Aurantiochytrium limacinum  jgi|Aurli1|52078
Polyrhabdina sp.  GHVP01048320.1

Amphiamblys sp.  OIR56843.1
Aplanochytrium kerguelense  jgi|Aplke1|97687

Aurantiochytrium limacinum  jgi|Aurli1|137752
Thecamonas trahens  XP_013760145.1

Spizellomyces punctatus  KND03717.1
Coprinopsis cinerea  XP_001830389.2

Coemansia reversa  jgi|Coere1|71874
Mortierella verticillata  KFH65013.1

Mitosporidium daphniae  XP_013237780.1
Blastocladiella britannica  jgi|Blabri1|393696

Fonticula alba  XP_009494818.1
Hydra vulgaris  XP_002165924.1

Creolimax fragrantissima  CFRG0997T1
Capsaspora owczarzaki  XP_004345612.1

Salpingoeca rosetta  XP_004992167.1
Amphimedon queenslandica  XP_011405098.1

Trichoplax adhaerens  XP_002111225.1
Homo sapiens  Q9P2W1
Aplysia californica  XP_005102347.1

Monocystis agilis  SRA: SRR8980208

38

66
52

90

61
45

59

64

72

40

55

73

75

65

90

62
98

48
80

68

100

70

81

100
94

55

97

93
99

80

44

40

96
56

36

41

100

99

98

92
100

59

47

100

86

86

31

13

86

65
61

93

71

50

69

52

18

41
23

27

65

18

15

53

20

100
73

15

78
100

50

46

19

32

25

100

15

19

64

100
50

98

35

56

0.5

Supplementary Figure S3 (Hop2)



Gymnodinium catenatum  MMETSP0784_Transcript_1549::m.2274
Kryptoperidinium foliaceum  MMETSP0120_Transcript_125937::m.253726

Symbiodinium minutum  symbB.v1.2.036043.t1
Symbiodinium microadriaticum  OLP79290.1

Polyrhabdina sp.  GHVP01047391.1 GHVP01047390.1
Rhytidocystis sp. ex Ophelia  GHVQ01015431.1

Perkinsus marinus  XP_002765664.1
Oxyrrhis marina  MMETSP0469_Transcript_43908::m.64368

Cryptosporidium parvum  XP_627933.1
Vitrella brassicaformis  CEL99913.1

Lecudina tuzetae  SRA: SRR8980209,SRR8980210
Digyalum oweni  GHVM01047148.1

Pterospora schizosoma  SRA: SRR8980200,SRR8980211
Cephaloidophora cf. communis  GHVH01016267.1

Platyproteum sp.  SRA: SRR8980201,SRR8980212
Toxoplasma gondii  XP_002368477.1

Plasmodium falciparum  XP_002585473.1
Gregarina niphandrodes  XP_011129502.1

Selenidium pygospionis  GHVN01093412.1,GHVN01023817.1
Stentor coeruleus  OMJ94580.1

Plasmodiophora brassicae CEP02875.1
Tetrahymena thermophila  XP_001015513.1

Stylonychia lemnae  CDW84744.1
Oxytricha trifallax  EJY87085.1

Oxytricha trifallax  EJY82981.1
Stylonychia lemnae  CDW83788.1

Bigelowiella natans  jgi|Bigna1|85359
Trichomonas vaginalis  XP_001579664.1

Guillardia theta  XP_005837337.1
Tetrahymena thermophila  XP_012655617.1

Dictyostelium discoideum  XP_629976.1
Thecamonas trahens  XP_013757202.1

Giardia lamblia  XP_001708984.1
Spironucleus salmonicida  EST43872.1

Coprinopsis cinerea  XP_001830173.2
Aplanochytrium kerguelense  jgi|Aplke1|38429
Aurantiochytrium limacinum  jgi|Aurli1|81402

Polyrhabdina sp.  GHVP01001215.1
Phaeodactylum tricornutum  XP_002178717.1

Kryptoperidinium foliaceum  MMETSP0120_Transcript_15312::m.30766
Thalassiosira pseudonana  XP_002297131.1

Phytophthora parasitica  XP_008893126.1
Pythium irregulare  EPrPI00000021145

Ectocarpus siliculosus  CBN73861.1
Nannochloropsis gaditana  EWM26073.1

Chrysochromulina sp.  KOO25059.1
Emiliania huxleyi  XP_005760568.1

Pavlovales sp.  jgi|Pavlov2436_1|108395
Entamoeba histolytica  XP_651120.2

Acanthamoeba castellanii  XP_004340260.1
Blastocladiella britannica  jgi|Blabri1|385370

Trypanosoma cruzi  XP_807666.1
Colpodella angusta  GDKJ01050403.1

Bodo saltans  CUG91431.1
Coemansia reversa  jgi|Coere1|89828

Arabidopsis thaliana  NP_194646.2
Physcomitrella patens  XP_001760266.1

Klebsormidium flaccidum  GAQ82512.1
Chlorella variabilis  XP_005851996.1

Raphidocelis subcapitata  GBF93477.1
Coccomyxa subellipsoidea  XP_005649122.1

Chlamydomonas reinhardtii  XP_001695418.1
Micromonas pusilla  XP_003060527.1

Ostreococcus lucimarinus  XP_001419666.1
Chondrus crispus  XP_005717880.1

Gracilariopsis chorda  PXF43318.1
Galdieria sulphuraria  XP_005703331.1

Cyanidioschyzon merolae  XP_005535845.1
Rozella allomycis  EPZ35975.1

Mitosporidium daphniae  NW_013546645.1
Fonticula alba  XP_009494098.1

Creolimax fragrantissima  CFRG8659
Mortierella verticillata  KFH71919.1

Spizellomyces punctatus  KND04491.1
Naegleria gruberi  XP_002679448.1

Amphiamblys sp.  OIR58898.1
Aplysia californica  XP_012946210.1

Monocystis agilis  SRA: SRR8980208
Trichoplax adhaerens  XP_002115343.1

Homo sapiens Q9BWT6
Amphimedon queenslandica  XP_011404347.1

Capsaspora owczarzaki  XP_004343923.2
Hydra vulgaris  XP_012559566.1

Digyalum oweni  GHVM01045983.1
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Supplementary Figure S4 (Mnd1)



Toxoplasma gondii  XP_002370950.1
Plasmodium falciparum  XP_001349356.2

Rhytidocystis sp. ex Ophelia  GHVQ01024959.1
Cryptosporidium parvum  XP_628348.1

Polyrhabdina sp.  GHVP01060824.1
Heliospora caprellae  SRA: SRR8980202,SRR8980203

Theileria annulata  XP_952849.1
Lecudina tuzetae  SRA: SRR8980209,SRR8980210

Selenidium pygospionis  GHVN01018977.1
Pterospora schizosoma  SRA: SRR8980200,SRR8980211

Vitrella brassicaformis  CEL93147.1
Piridium sociabile  SRA: SRR8980204,SRR8980205,SRR8980213

Colpodella edax  GDKI01029397.1,GDKI01011924.1
Colpodella angusta  GDKJ01058513.1

Ancora sagittata  GHVO01034511.1
Cephaloidophora cf. communis  GHVH01006603.1

Gregarina niphandrodes  XP_011128992.1
Digyalum oweni  GHVM01069619.1

Stentor coeruleus  OMJ81979.1
Stylonychia lemnae  CDW75879.1

Oxytricha trifallax  EJY88098.1
Tetrahymena thermophila  XP_001024231.1

Perkinsus marinus  XP_002784192.1
Oxyrrhis marina  MMETSP0469_Transcript_40589::m.59720

Symbiodinium minutum  symbB.v1.2.008353.t1
Symbiodinium microadriaticum  OLP91147.1
Gymnodinium catenatum  MMETSP0784_Transcript_16228::m.30668

Kryptoperidinium foliaceum  MMETSP0120_Transcript_54741::m.109896,MMETSP0120_Transcript_54739::m.109895
Alexandrium tamarense  MMETSP0382_Transcript_83057::m.172553

Emiliania huxleyi  XP_005794610.1
Salpingoeca rosetta  XP_004994547.1

Monocystis agilis  SRA: SRR8980208
Homo sapiens  Q14565

Hydra vulgaris  NP_001274726.1
Amphimedon queenslandica  XP_003390373.1

Aplysia californica  XP_005094500.1
Trichoplax adhaerens  XP_002108076.1

Creolimax fragrantissima  CFRG3871T1
Capsaspora owczarzaki  XP_004364475.2

Coprinopsis cinerea  XP_001829128.2
Mortierella verticillata  KFH73305.1

Spizellomyces punctatus  KNC98933.1
Siedleckia nematoides  GHVV01413437.1

Rozella allomycis  EPZ30915.1
Mitosporidium daphniae  XP_013237960.1
Polyrhabdina sp.  GHVP01056576.1

Selenidium pygospionis  GHVN01000067.1
Amphiamblys sp.  OIR58962.1

Ostreococcus lucimarinus  XP_001420481.1
Micromonas pusilla  XP_003061714.1

Chlamydomonas reinhardtii  XP_001700483.1
Raphidocelis subcapitata  GBF98329.1

Symbiont X  GHVR01126324.1
Entamoeba histolytica  XP_656580.1

Naegleria gruberi  XP_002683448.1
Acanthamoeba castellanii  XP_004353078.1

Symbiont X  GHVR01033743.1
Guillardia theta  XP_005842092.1

Arabidopsis thaliana  NP_188928.2
Spironucleus salmonicida  EST46553.1

Giardia lamblia  XP_001710001.1
Bodo saltans  CUG86094.1

Trypanosoma cruzi  XP_818873.1
Colpodella angusta  GDKK01072532.1
Thecamonas trahens  XP_013762486.1
Trichomonas vaginalis  XP_001303137.1

Pythium irregulare  EPrPI00000021271
Phytophthora parasitica  XP_008914211.1

Galdieria sulphuraria  XP_005709001.1
Gracilariopsis chorda  PXF43030.1

Chondrus crispus  XP_005714780.1
Cyanidioschyzon merolae  XP_005539514.1

Nannochloropsis gaditana  EWM24257.1
Ectocarpus siliculosus  CBJ26524.1,CBJ26525.1
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Supplementary Figure S5 (Dmc1)



Chlamydomonas reinhardtii  XP_001698471.1
Raphidocelis subcapitata  GBF89417.1

Chlorella variabilis  XP_005850959.1
Coccomyxa subellipsoidea  XP_005651102.1

Polyrhabdina sp.  GHVP01041679.1
Physcomitrella patens  XP_001760306.1

Arabidopsis thaliana  NP_189410.2
Klebsormidium flaccidum  GAQ86596.1

Ostreococcus lucimarinus  XP_001418083.1
Micromonas pusilla  XP_003057342.1

Chrysochromulina sp.  KOO33035.1
Emiliania huxleyi  XP_005770278.1,XP_005770277.1

Colpodella angusta  GDKJ01037991.1
Pavlovales sp.  jgi|Pavlov2436_1|893472,jgi|Pavlov2436_1|893473
Thecamonas trahens  XP_013754272.1

Chondrus crispus  XP_005719018.1
Gracilariopsis chorda  PXF48111.1

Trypanosoma cruzi  XP_807652.1
Guillardia theta  XP_005831690.1

Aplanochytrium kerguelense  jgi|Aplke1|93977
Aurantiochytrium limacinum  jgi|Aurli1|58746
Nannochloropsis gaditana  EWM28662.1

Ectocarpus siliculosus  CBN74377.1
Thalassiosira pseudonana  XP_002295204.1

Phaeodactylum tricornutum  XP_002183894.1
Kryptoperidinium foliaceum

Plasmodiophora brassicae  CEO98245.1
Blastocladiella britannica  jgi|Blabri1|403164
Oxyrrhis marina  MMETSP0469_Transcript_123270::m.185881

Spizellomyces punctatus  KNC99300.1
Magnaporthe oryzae  XP_003711726.1

Coprinopsis cinerea  XP_001833055.2
Rozella allomycis  EPZ36110.1

Naegleria gruberi  XP_002681600.1
Bigelowiella natans  jgi|Bigna1|35412

Siedleckia nematoides  GHVV01372840.1
Selenidium pygospionis  GHVN01000090.1

Amphiamblys sp.  OIR57313.1
Coemansia reversa  jgi|Coere1|88381

Trichomonas vaginalis  XP_001329476.1
Alexandrium tamarense

Gymnodinium catenatum  MMETSP0784_Transcript_92748::m.182047
Kryptoperidinium foliaceum
Symbiodinium microadriaticum  OLP89982.1

Symbiodinium minutum  symbB.v1.2.005903.t1
Vitrella brassicaformis  CEM04626.1

Siedleckia nematoides  GHVU01080890.1
Rhytidocystis sp. ex Ophelia  GHVQ01008599.1

Selenidium pygospionis  GHVN01020203.1,GHVN01020205.1,GHVN01020208.1,GHVN01020210.1
Monocystis agilis  SRA: SRR8980208

Symbiont X  GHVR01121119.1
Lecudina tuzetae  SRA: SRR8980209,SRR8980210

Ancora sagittata  GHVO01059157.1,GHVO01052451.1
Salpingoeca rosetta  XP_004991659.1
Creolimax fragrantissima  CFRG3882T1

Capsaspora owczarzaki  XP_004364647.1
Amphimedon queenslandica  XP_011405054.1,XP_011406519.1

Hydra vulgaris  XP_004211584.2,XP_012564836.1
Homo sapiens  A2PYH4

Monocystis agilis  SRA: SRR8980208
Aplysia californica  XP_012940325.1

Trichoplax adhaerens  XP_002109051.1
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MMETSP0120_Transcript_14245::m.28357
MMETSP0120_Transcript_51517::m.103111
MMETSP0120_Transcript_51524::m.103117
MMETSP0120_Transcript_51531::m.103123
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MMETSP0120_Transcript_119593::m.240787
MMETSP0120_Transcript_119594::m.240793
MMETSP0120_Transcript_119595::m.240795

MMETSP0382_Transcript_40276::m.82064
MMETSP0382_Transcript_77485::m.161067

Supplementary Figure S6 (Mer3)



Ancora sagittata  GHVO01045873.1
Heliospora caprellae  SRA: SRR8980202,SRR8980203

Polyrhabdina sp.  GHVP01051315.1,GHVP01005146.1
Cephaloidophora cf. communis  GHVH01000557.1

Lecudina tuzetae  SRA: SRR8980209,SRR8980210
Pterospora schizosoma  SRA: SRR8980200,SRR8980211

Selenidium pygospionis  GHVN01013356.1,GHVN01013359.1
Siedleckia nematoides  GHVU01068997.1,GHVU01069002.1

Colpodella angusta  GDKJ01011387.1
Oxyrrhis marina

Gymnodinium catenatum  MMETSP0784_Transcript_67243::m.130330
Kryptoperidinium foliaceum

Symbiodinium microadriaticum  OLP90084.1
Symbiodinium minutum  symbB.v1.2.013504.t1,symbB.v1.2.013503.t1

Vitrella brassicaformis  CEM01236.1
Digyalum oweni  GHVM01037636.1

Platyproteum sp.  SRA: SRR8980201,SRR8980212
Stentor coeruleus  OMJ87312.1

Tetrahymena thermophila  XP_001021931.2
Oxytricha trifallax  EJY69573.1

Stylonychia lemnae  CDW81993.1
Emiliania huxleyi  XP_005768364.1

Pavlovales sp.  jgi|Pavlov2436_1|885422,jgi|Pavlov2436_1|600622
Colpodella angusta  GDKK01031973.1,GDKK01006084.1,GDKK01042866.1

Trypanosoma cruzi  XP_815283.1
Bodo saltans  CUF91760.1,CUF91770.1

Arabidopsis thaliana  NP_193469.2
Physcomitrella patens  XP_001777754.1

Klebsormidium flaccidum  GAQ86597.1
Micromonas pusilla  XP_003059889.1

Coccomyxa subellipsoidea  XP_005646103.1
Chlorella variabilis  XP_005851192.1

Chlamydomonas reinhardtii  XP_001699298.1
Raphidocelis subcapitata  GBF88030.1

Phytophthora parasitica  XP_008892044.1
Pythium irregulare  EPrPI00000020680,EPrPI00000020682

Ectocarpus siliculosus  CBN76021.1
Kryptoperidinium foliaceum  MMETSP0120_Transcript_72530::m.145921

Phaeodactylum tricornutum  XP_002179729.1
Thalassiosira pseudonana  XP_002287292.1

Guillardia theta  XP_005821348.1
Naegleria gruberi  XP_002682288.1

Aurantiochytrium limacinum  jgi|Aurli1|60932
Aplanochytrium kerguelense  jgi|Aplke1|98173

Trichomonas vaginalis  XP_001306678.1
Plasmodiophora brassicae  CEP03601.1

Bigelowiella natans  jg|Bigna1|85502
Dictyostelium discoideum  XP_638826.1

Entamoeba histolytica  XP_652534.1
Thecamonas trahens  XP_013762894.1

Cyanidioschyzon merolae  XP_005536599.1
Galdieria sulphuraria  XP_005703229.1

Chondrus crispus  XP_005710810.1
Gracilariopsis chorda  PXF42354.1

Acanthamoeba castellanii  XP_004352764.1,XP_004352765.1,XP_004352766.1
Eleutheroschizon duboscqi  GHVT01055544.1

Monocystis agilis  SRA: SRR8980208
Homo sapiens  O15457

Trichoplax adhaerens  XP_002108721.1
Aplysia californica  XP_012935404.1

Amphimedon queenslandica  XP_011410287.1
Hydra vulgaris  XP_012558999.1

Salpingoeca rosetta  XP_004995141.1
Capsaspora owczarzaki  XP_004349330.2

Creolimax fragrantissima  CFRG4626T1
Magnaporthe oryzae  XP_003719247.1

Selenidium pygospionis  GHVN01044451.1
Amphiamblys sp.  OIR58207.1

Polyrhabdina sp.  GHVP01046717.1
Mortierella verticillata  KFH69849.1

Rozella allomycis  EPZ31156.1
Coprinopsis cinerea  XP_002912083.1

Blastocladiella britannica  jgi|Blabri1|137578
Coemansia reversa  jgi|Coere1|40542

Mitosporidium daphniae  NW_013546611.1
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MMETSP0469_Transcript_41205::m.60931
MMETSP0469_Transcript_84084::m.125824

MMETSP0120_Transcript_76416::m.154343
MMETSP0120_Transcript_76417::m.154346
MMETSP0120_Transcript_76419::m.154353

Supplementary Figure S7 (Msh4)



Alexandrium tamarense
Gymnodinium catenatum

Symbiodinium microadriaticum  OLP89900.1
Symbiodinium minutum  symbB.v1.2.033801.t1

Oxyrrhis marina  MMETSP0469_Transcript_92756::m.139774
Symbiont X  GHVR01107007.1,GHVR01047449.1,GHVR01047451.1
Vitrella brassicaformis  CEL98125.1

Digyalum oweni  GHVL01026837.1
Platyproteum sp.  SRA: SRR8980201,SRR8980212

Polyrhabdina sp.  GHVP01054014.1
Cephaloidophora cf. communis  GHVH01015933.1

Pterospora schizosoma  SRA: SRR8980200,SRR8980211
Selenidium pygospionis  GHVN01020842.1

Entamoeba histolytica  XP_651654.1
Perkinsus marinus  XP_002782714.1,XP_002766386.1

Bodo saltans  CUG93021.1
Trypanosoma cruzi  XP_809831.1

Stentor coeruleus  OMJ83482.1
Tetrahymena thermophila  XP_001025362.2

Trichomonas vaginalis  XP_001301506.1
Oxytricha trifallax  EJY77525.1

Stylonychia lemnae  CDW91398.1
Guillardia theta  XP_005825536.1

Dictyostelium discoideum  XP_638383.1
Chondrus crispus  XP_005719235.1,XP_005719234.1
Gracilariopsis chorda  PXF44676.1
Galdieria sulphuraria  XP_005703512.1

Cyanidioschyzon merolae  XP_005537328.1
Aplanochytrium kerguelense  jgi|Aplke1|89029

Aurantiochytrium limacinum  jgi|Aurli1|84529
Phytophthora parasitica  XP_008890468.1

Ectocarpus siliculosus  CBJ29342.1
Nannochloropsis gaditana  EWM21854.1
Phaeodactylum tricornutum  XP_002181399.1

Thalassiosira pseudonana  XP_002292806.1
Bigelowiella natans  jgi|Bigna1|40493

Plasmodiophora brassicae  CEP01921.1
Naegleria gruberi  XP_002669325.1

Acanthamoeba castellanii  XP_004334882.1
Pavlovales sp.  jgi|Pavlov2436_1|554280

Thecamonas trahens  XP_013755073.1
Arabidopsis thaliana  NP_188683.3

Klebsormidium flaccidum  GAQ86130.1
Physcomitrella patens  XP_001776226.1

Ostreococcus lucimarinus  XP_001419568.1
Micromonas pusilla  XP_003060571.1

Coccomyxa subellipsoidea  XP_005644118.1
Chlorella variabilis  XP_005848992.1

Chlamydomonas reinhardtii  XP_001700459.1
Raphidocelis subcapitata  GBF96359.1

Homo sapiens  O43196
Ancora sagittata  GHVO01062184.1

Amphimedon queenslandica  XP_011405401.1,XP_011405402.1
Hydra vulgaris  XP_012561647.1
Aplysia californica  XP_012946871.1

Eleutheroschizon duboscqi  GHVT01054840.1,GHVT01083740.1
Trichoplax adhaerens  XP_002114319.1

Salpingoeca rosetta  XP_004998193.1
Capsaspora owczarzaki  XP_004364503.2

Creolimax fragrantissima  CFRG6131T1,CFRG6130T1
Chrysochromulina sp.  KOO22625.1

Emiliania huxleyi  XP_005790032.1
Blastocladiella britannica  jgi|Blabri1|385784

Mitosporidium daphniae  NW_013546611.1
Selenidium pygospionis  GHVN01047438.1

Amphiamblys sp.  OIR57052.1
Polyrhabdina sp.  GHVP01017555.1

Siedleckia nematoides  GHVV01499480.1
Coemansia reversa  jgi|Coere1|85206

Magnaporthe oryzae  XP_003710529.1
Rozella allomycis  EPZ32055.1

Mortierella verticillata  KFH69331.1
Spizellomyces punctatus  KND00198.1

Coprinopsis cinerea  XP_002910651.1,XP_002910650.1
Digyalum oweni  GHVM01129032.1
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MMETSP0784_Transcript_17324::m.32558
MMETSP0784_Transcript_17326::m.32561
MMETSP0784_Transcript_17327::m.32563

MMETSP0382_Transcript_58799::m.121869
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Mortierella verticillata  KFH69472.1
Salpingoeca rosetta  XP_004995353.1

Coprinopsis cinerea  XP_001828703.2
Magnaporthe oryzae  XP_003721082.1

Mitosporidium daphniae  NW_013546144.1
Polyrhabdina sp.  GHVP01061823.1

Amphiamblys sp.  OIR58328.1
Tetrahymena thermophila  XP_001023795.2

Creolimax fragrantissima  CFRG4884T1
Emiliania huxleyi  XP_005764682.1

Cyanidioschyzon merolae  XP_005536185.1
Coemansia reversa  jgi|Coere1|86746

Aplysia californica  XP_005098917.1
Homo sapiens  O95072

Gracilariopsis chorda  PXF43423.1
Galdieria sulphuraria  XP_005705368.1

Ostreococcus lucimarinus  XP_001415906.1
Arabidopsis thaliana  NP_196168.1

Hydra vulgaris  XP_012558928.1
Raphidocelis subcapitata  GBF88830.1

Coccomyxa subellipsoidea  XP_005648732.1
Plasmodiophora brassicae  CEP02146.1

Bigelowiella natans  jgi|Bigna1|72831
Pavlovales sp.  jgi|Pavlov2436_1|843061

Trichomonas vaginalis  XP_001329298.1
Trichomonas vaginalis  XP_001321879.1

Cephaloidophora cf. communis  GHVH01016452.1
Heliospora caprellae  SRA: SRR8980202,SRR8980203

Oxyrrhis marina  MMETSP0469_Transcript_103333::m.155843
Perkinsus marinus  XP_002776800.1

Selenidium pygospionis  GHVN01026539.1
Polyrhabdina sp.  GHVP01047635.1

Vitrella brassicaformis  CEM29315.1
Lecudina tuzetae  SRA: SRR8980209,SRR8980210

Selenidium pygospionis  GHVN01073101.1
Guillardia theta  XP_005837294.1

Galdieria sulphuraria  XP_005705455.1
Gracilariopsis chorda  PXF46203.1

Cyanidioschyzon merolae  XP_005536918.1
Gymnodinium catenatum  MMETSP0784_Transcript_9971::m.18171

Alexandrium tamarense  MMETSP0382_Transcript_30128::m.60860
Platyproteum sp.  SRA: SRR8980201,SRR8980212

Chromera velia  MMETSP0290_Transcript_31896::m.39681
Kryptoperidinium foliaceum  MMETSP0120_Transcript_44202::m.88610

Oxyrrhis marina  MMETSP0469_Transcript_80538::m.121142
Rhytidocystis sp. ex Travisia  GHVS01008238.1

Vitrella brassicaformis  CEM06436.1
Eleutheroschizon duboscqi  GHVT01049269.1

Piridium sociabile  SRA: SRR8980204,SRR8980205,SRR8980213
Selenidium pygospionis  GHVN01034552.1

Cryptosporidium parvum  XP_628221.1
Oxyrrhis marina  MMETSP0469_Transcript_20009::m.28983

Symbiont X  GHVR01021372.1
Colpodella angusta  GDKJ01049591.1

Oxytricha trifallax  EJY81353.1
Stylonychia lemnae  CDW81376.1

Bodo saltans  CUE91301.1
Trypanosoma cruzi  XP_816551.1

Thecamonas trahens  XP_013759942.1
Creolimax fragrantissima  CFRG0469T1

Bigelowiella natans  jgi|Bigna1|87884
Dictyostelium discoideum  XP_642955.1

Entamoeba histolytica  XP_657283.1
Colpodella angusta  GDKJ01021314.1

Naegleria gruberi  XP_002679151.1
Rozella allomycis  EPZ32666.1

Guillardia theta  XP_005831044.1,XP_005831045.1
Pavlovales sp.  jgi|Pavlov2436_1|606421,jgi|Pavlov2436_1|906037

Emiliania huxleyi  XP_005775259.1
Chrysochromulina sp.  KOO29675.1

Arabidopsis thaliana  NP_197131.2
Physcomitrella patens  XP_001765599.1

Arabidopsis thaliana  NP_191514.1
Arabidopsis thaliana  NP_851110.1

Klebsormidium flaccidum  GAQ86400.1
Lecudina tuzetae  SRA: SRR8980209,SRR8980210
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